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TO.THE 


READER 

Any of the following Miſcellanious Trafates lying 

obſcurely and indigefted by me ſeveral Years; at 

length , namely, Anno 1678. having ſome vacant 
time, 1 (amongſt other things) took thoſe Papers/into my con- 
fideration , and perfe&ed ſuch of them as were incomplete ; 
adding .to that Store other things of the like nature : After 
which , communicating the ſame to ſeveral perſons Mathe- 
matically affected , and more particularly with this (lauda- 
ble and uſeful) Part thereof , namely, DIAL LING: I 
was often-times importuned to make the ſame Publick ; the 
which I was the more inclinable to, for that not much of 
7 this Variety hath been hitherto Publiſhed in the Engliſh 
= Tongue. But finding the Overtures of ſuch who deal in the 
| Publiſhing of Books , to be in no meaſure ſufficient , either 
to ſatisfhe me for the pains I had then taken therein, much 
leſs to bring it forth in its due Luftre; I (at length) adventu- 
red to makean Eſſay towards the Publiſhing thereof by way 
of Subſcription, but finding that not to anſwer my expeQati- 
on neither (there having been of late ſo many abutes put upon 
Perſons, willing to promote ingenious undertakings) I fully 
reſolved to let it lie dormant, as (the more part of) it had \ 
done ſeveral years before. But at length, (partly by Sub- 
ſcriptions, and a particular Encourager) it 1s arrived to this 
perfection ; and an Extra& of the Particulars herein contain- 
ed, you ſhall find immediatly after this -Preface. 

And now give me leave to preventthe Calumnies of ſome 
(already) DetraQers, and to take off the aſperfion of a Plagia- 
ry, to acquaint thee from whence all that is herein contained 
had its iſſue. Therefore. £1 n 

1. The Introdution, and the Eight firſt Chapters of the firſt 
TraFate , as things common, (but neceſſary for all Tyros to 
be acquainted with) I paſs over, only take notice, that'the: 
Second, Fourth and Fifth Chapters thereof, which EOjCerns 
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To the READER. | 
the laying down, finding the Poles and Centers, and meaſuring the 
Sides and Angles of Spherical Triangles upon a Proje&ion ; 1 
know not where you will find any thing thereof, except in 
my Geometrical Exerciſes , the which Precepts there delivered 
[ have here (and in a brief manner too) applied to Dialling. 

2, For the remaining part of the firſt'T raftate, the Exam- - 
ples are all (os moſt of them) the ſame as are Mr. Wells in his 
Sciographia, which I made choice of {indeed) to eaſe my ſelf 
of Calculation ; My intent 7at firſt) being to have done the 
Work of the Firſt Trafate by Projeion only, and not by 
Calculation : But Mr. Weſls his Book being out of Print; and 
not likely to be reſtored, I inſerted his Calcalatory way alſo; 
and the rather, that the young Pra@itioner may diſcover 
what Harmony there is between Spherical Proje#ion; and 
Trigonometrical Calculation, and the reaſon thereof alſo. 

3: The Second TraQate was, partly a Tranſlation out of 
Magnon, by Mr. Thomas Gibſon: And the Third is partly 
Mr. Samuel Foſter's. © - 

4. As for the Fourth TraQtate; it ts an enlargement of the 
Appendix to Stirrup's Dialling, written by me above 25 years 
ſince, and yet, in 1t, you will find ſeveral things, which 
I am ſure, no other Book will afford you. 

5. The Fifth TraQate is of the ſame kind with the Fourth, 
and teacheth how to perform the fame things by a different 
Artifice. 

6. The Sixth confiſteth of Tables ſubſervient to the inſcrip- 
tion of Furnitare into Sun-dials, ſome few whereof were onl 
tranſcribed (though much enlarged, and otherwiſe diſpoſed) 
out of Kirkerus; but the moſt of them, were (to my great 
pains) Calculated de nowo, and the Deſcription , Conſtrufion 
and Uſes of them all, wholly by me added. 

7: The Seventh TraQtate came to my hands in a Latine 
Manuſcript of Mr. Samuel Foſter's, written with his own hand 
in Anno 1640. and was delivered to me (when the other 
Tractates werealmoſt Printed) by a real honourer of the de- 


ceaſed Author, and my very worthy Friend fobn Twiſden. 
M.D.C.T. 


8. The Eighth TraQaate is no other then the Meridians of 

a Globe fettoany Latitude and difference of Longitude, and 

Meridians'or Hour-lines drawn on the Concave Superticies of 
the ſame. 

Y. The Ninth TraQtate is wholly Mr. SamuelFoſter's, and 

ſome 


To the READER. 
ſome part thereof was Printed by me in his Miſcellanies, Anno 
1659. | | 

| wee 'The:Tenth Tracatealſo , is wholly his, and was (to- 
gether with ſome part of the Ninth) tranſcribed from a Ma: 
nuſcript of his, which he (for the' excellency of many things 
contained therein)[Entituled GOLD. And for thoſe Pieces 
which follow (as'Supplement to) this 'Tenth Tractate, I fieed 
not declare, | their , reſpeQive Titles will here ſave me that 
Labour. _ - ;; ir: pe Tn v BEOTTY, 

11.' The Eleventh” TraQate of Refrafed Dialling, is Mr. 
Foſter's alſo, and was formerly Printed in his forementioned 
Miſcellantes. ''\' || 4.1 4+ 3.0H 

Laſtly) What--is ſaid .concerning the Dial ſet up in ithe 
King's Majeftle's Privy Garden at White-hall, Anno 1669; is 
but an Extra of what the Maker thereof did write concer- 
ning the Explicationand Uſe of the ſaid Body of Dials : I did 
here (together with the Figure thereof) inſert this Abſtra&t 
for the benefit of Students in this Gnomonzcal Science ; thereby 
to whet their inventions, ſo as to put in praftice what 1s 
taught in theſe TraQates, and from this Prefident to invent 
others of their own ; which how to perform the enſuing Pre- 
cepts will not be found deficient ; If they be deemed Redun 
dant they will be found ſo to Ialkers only, and Doers of- 
thing, and to ſuch I ſay as much. 

What is more added in this Edition, {befides the Errors in 
the former Corre&ed) Are, 

Firſt, A Supplement to the Firſt TraFate, ſhewing a _gene- 
ral and eafie way, to Proje&# Hour-lines upon all ſorts of Plains, 
according to the Rules of Stereographick Projetion. 

Secondly, To the ſecond Tradate1s added a third way of 
Geometrical Dialling, ſhewing how to inſcribe the Stzle, Sub- 
ſtile, and Meridian-line, 1n all Plains. 

Thirdly, To the Ninth Tra@ate, 1 have added ſeveral 
ways, whereby to make Dzalls upon Plains, upon which the 
direct Beams of the Sun can never ſhine (without Refleion) 
which ſhall ſhew the Hour of the Day by the Sun, and by the 
Stars in the Night Seaſon. OY, 

Fourthly, The Fourteenth Trafate is wholly added and 
treateth of the Five Platonick (or Regular) Bodies ſhewing the - 
manner how they Cut them in Stone or Wood, as alſo of two 
Polybedron Bodies ; one called the Hez-o&abedron, (or Canted Cube) 
the other Hez-icoſahedron ; the one conſiſting of Fcurteen, the 
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To the READER. 
other of Twenty fix Plains: And how to furniſh them in the 
Sun Dialls. 

Having given you this general account of the ſeveral Tra- 
Aates, and from whence they have been deduced, I now re- 
fer you for farther ſatisfa&ion, to the following Contents ; 3 but 
principally to the Book it ſelf; in which, Thope, the 1 ngent- 
ous PraCtitioner will find variety of Matter, both Prafical and 
Delightful ; And for as much, as the ſeveral Mathematical T rea- 
tiſes which I have already Publiſhed, have found ſo good accep- 
tance in the World, Idoubt not but This will recetve the like 
entertainment, and be as kindly received as his Fellows : and 
upon that account I commend it to thee ; bh VEL thee both 
Delight in the Reading, and Profit in the Prafti/ing Mt what is 


herein contained : And ſo, for this time , I bi thee Farewel ; 
Reſting, 


- 


Thby well wiſhing TRE 


+ 5 Friend, 
Willam Leybourn. 
T HE 


Nay \ EO > RL. 


"od arte the 


Far 7 
* the ſeveral Pd pofione 51 Fe ings Retnd C7 in the fol- 
"lowing Trattates, Wutds te peta 1:t0 pag. 13 


$ 


TRACTATET aieh 


' Plain Dialling, Demonſtrated, 


Shewing, How (by ProjeCtin of the, Sphere #pon the Plain of the Horizon, ſit: 
| wy to any Latitude) to araw the = Re Stile aud (pavays proper to 4- 
ny Plain) 'in their true Places and Poſitions. "And upor the Projetion 
x expreſs the moto Triangles, from which all the Recuiſtes belonging to 
any Dial are tobe Calculated, And how.co Calgulate the ſame-—— And to 
auf ure the Stiles and Angles "of 4 all Jach Trogge apon the ProjeQtion it ſelf. 


from p.14, #0 P:74 
In this TraQtate are more. particularly Contained, 


1. The nature and making of ſuch Circular lines [or Scales, 45 are " e AEDT 

out the whole Book, hk: IÞ4g.14 
2. How toProje&t the Sphere, FN 2.Þ4g.16 
3- of the Denominations axd Situations of all ſorts of, Plains ; - ow to deſ- 

cribe any of them upon the ProjeQtion, Chap. 3 & 4-P4g-19& 21 
4. How the Sides and Angles of Spherical Triangles are 70 be _ ed, 

4.2 

5. To findthe Suns Azimuth, at any time, and in any Latitude : Both 9-664 
| trically, Inſtrumentally, and by T rigonometr ical notation Chap.6.pag.24 
6. To find the Site (or Situation) of any Dial Piain reſpect of ORs 


clination, or both, Chap.7.p49.27 
7. Examples of all ſorts of Plains; and how to draw Dials upon them, both by Pro- 
.Jection, and Trigonometrical Calculation. from Chap. 9.Þ4g.32, 
to Chap.19.pag.72 


A Supplement to the Firſt TraQate. 


Shewing, a general and eaſje way, to ProjeQt Hour-lines #por. all ſorts of Plains ; 
eccording to the Rules | Stercographick (or Circular) Projection, 


from pag «75, 10 paz. 3k 
A Synopfis, or Abſtra& of the whole Art of Dialling, from pag. 82,t0 pazs5 


Traftate IT. 


The CONTENTS. 


TRACDATE II. 
Geometrical Pg: Demonſtrated. 


Shewino 4 Thrdk [everkl to finll the place'o Sti c Subſtile a_ Me- 
e's : na Wy Ho Tin 14 
Py ; ke. 


on alfBiall Plains; is their de Pla- 
orl from pag.$6, to pag.gs 


. a 7 w- FOE . 


————— ERACFATE WM: 
Inſtrumental, and. Arithmetical Dialling. 


| Shewing, Firſt, How (by an eaſie Artifice, and the Scales of Natural Sines and 
Tangents iz un Latitude) Hour-lines may be deſcribed wpor all ſorts ef Plains: 
©" By referring all Declining Reclining Plains, t0, New-Latitudes axd New 

© -Decſinatiotis; where they hall ſtand as Upright Decliners——— And Second- 

" ty, Howthe ſame Artifice may be SEE y Trigonometrical;Calculation, 

by the Tables of Artificial Sines and Tangents, there being apt Canons, Ana- 


by . 


logies or Proportions /4id down for thoſe parpoſes,.* from pag.gq, to pag.11o 


p TRACTATE.IV. V. and&:VL 
| Of the Furniture of Sun Dials. _ 
| The Furniture with which'Sin Dials ny b# beautified,are the deſcribing upon them, 
ſuch Ciroles of the Sphere, as have relation to the Sun's Courle,, For, as 
Hour-lines may be drawn upon all Dial Plains : Jo.may all other Circles of the 
. Sphere, be deſcribed alſo : and ſuth Circles being deſcribed yu Dial Plains, 
many uſeful -Aſtronomical Concluſions may be performed by ocular inſpettion only, 
as ell as the Hour of the Day.” And the Principal, and moit uſeful of theſe 
- Circles &re——(1) Such as y the time of the Year, and thoſe are either the 
Parallels of the Signs ML. Zodiac, or of the Suns Declination (2) 
Such as ſbew the Sun's Rifing and Setting, as the Horizon of the Place 
(3) The Azimuth of the Sun, or the Point of the Mariner's Compaſs apon the 
Sun is at any time, repreſented by the Vertical Circles—— (4) The Saux's Al- 
titude whereby the Proportion that Upright Bodies have tothe length of their 
| Shadows are known: And theſe by the Almicanters, or Circles of the Sun's 
Altitude (5) The Hour according t9 the Accounts of other Countries, 
4s the Babyloniſh, Italiana»dJewiſh Hours—(6) The Signs of the Zodiac, 
which of them is at any time Riſing, Culminate or Setting——-(7) The Cir- 
cles of Poſition (or Domitying Circles) diſcovering in which of the Celeſtial 
Houſes above the Horizon, the Sun is at any time of the Day— (8) The Ho- 
rizons aud Meridians of Foreign Countries, ſhewing any time of our Day, what 
Hour zt # at thoſe other Places ſo deſcribed, &c. Now the manner how theſe 


Circles are to be deſcribed upon any Dial-plain i the Work of theſe threeTraGt- 
\ ates. And 


Fourth) teacheth how to @Geometrically 


- The Bf inſert them into Slofromentl from Pag, 111 to pag. 152 
Strxth 2 all ſorts of Plains drichmeticahy - ay 
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l A Supplement to the IV. and Vth.Trafates. 
| Concerning the Form of the Parallels, and other Circles of the Sphere when 


 Projetted as,of Declination, Altitude, &c. Whether ſftreight Lines, Circles, 
Parabolas, Hyperboles, or Ellipſes from pag.153, to pag.156 
« 
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The CON T EN TS. 


| The Tables for the inſerting of the Parallels &c, into Dials, 
in the VI Tradtate are, . ©, 


4 Table ſbewing what Declination the Sun ſhall have he beiyi In any de : 0 
; the Ecli rw Sith its Conſtruftion and Uie, FO hae 8 pa #4 


2. A Table ſhewing the length of the Artificial Day or Night, the San being in 
any Pd rhe Belipreks in any degree of Latitude, between, 44 peery,; 7, 
with its Conſtruftion and Uſe, rn from pay, 5, topag,s 

3. A Table ſbewing what Amplitudethe Sun ſhall have at his Riſing or Setting, 
from the true Eaſt or Welt Points of the Horizon, towards the North or South, 
at every whole degree of Declination, and for all Elevations of the Pole, from 
the XquinoQtial 20-60 degrees of Latitude North or South, With its Con- 
ſtruQtion and Uſe, E ORED frowps 9, topag.12 

4. 4 Table ſhewing what Declination ——__— heve, when the Sun Riſcs or 
Sets «por any even Point or half Pointof the Compaſs, in any Al itude, fron 
the AquinoCtial, -zv 60 deg. with its Deſcription, ConſtryuAion' and Uſe, 

y I4,15 
is. any 


ſtruction and Uſe, \.. | | * Pag.16,17,18 
6. A Table of Horizontal Spaces, ſhewing the diſtance of each -Hour-line from 
the Meridian, «pon all Horizontal or Vertical Plams, as alſo on Dire& Re- 
clining, azd Inclining, for af Latitudes from the AquinoQtial zo the Pole : 
with its Deſcription, Conſtruction ad 4s, "oh P4a9.19,20,2T 
7. A Table ſbewing what Altitude the Sun ſhaft bave, at every Hour, Half and 
Quarter of the Day, at his entrance into every of the XII Signs ; Calculated 
for the Meridian of London, 51 deg. 32 min. with its Deſcription, Con- 
. ſtruton ad Uſe, : | 4 22,23,24,25 
8. A Table ſbewing what Azimuth from the South, the Sur f's hive at every 
Hour, Half a»d Quarter, of the Day, at his entratice into every of theſe 
XII Signs, Calculated for :he Meridian of London, 51 deg, 32 min. with 
its Conſtruction, Deſcription and Uſe, P4g.26,27 
9. A Table of the Suns Altitude at all Hours of the Day, at the Suns entrance 
into any of the XII Signs at every Toth deg, of Azimuth for ſeveratLatitudes, 
| from pag.28, topag.31- 
10. A Table ſbewing what Altitude the Sun ſhall ave at every Hour of the Day, 
when he i in the Tropick of Cancer, the AquinoCtial aud Tropick of -Capri- 
corn, Calculated from 36 to 66 7 deg, of Latitude, P42.32,33,34,35 
11 A Table of Nataral Sines, Tangents and Secants, to a Radius of 1.00000, 
and to every 6th Minute, (or 1oth part of 4 Degree, ) of the-Quadrant, 


from pag 36 topag.gs 
TRACTATE VL * © 


A Succintt, and Demonſtrative way of Dialling, ſhewing how to deſcribe Hour- 
lines «por all ſorts of Plains: And alſo for the Inſcription of other Sciaterical 
Furniture zzto Sun Dials, &c. from pag.4.4, topag.0 


| TRACTATE VIII | 
Of Concave and Convex, Spherical and Cylindrical Dialling : Shewing how 
Hour-lines ay be deſcribed go Regular Solids, whether Concave or 


Convex, with their reſpettive Furnitures, from pag.57, L., pig-hg 
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The CONTENTS. 


TRACTATE IX. and X. 
| ' ProjeRtive Dialling.” oy 
WW herein are taught, ſeveral General and Eaſic ways, to Proje&t Hour-lines wpon 
all kinds of Superhicies, whether Plain or Curved ; One or many ; Contiguous 
or Separate, and that without any regard had to their Situation, in reſpect either 


of Declination, Reclination or Inclinarion —aud alſo (by the help. of a 
4 ; d[cribed) How to inſert all aſual. Furni- 


Planiſphere and Semicircle, therein 
ture i»to ſuch ProjeRted Dials, = from pag.65 to pag.y 20 
 ©TRACTAT'E XI. and XII. my 
Br Reflective Dialling. 

I. Shewing ſeveral ways (by-Plain Glaſles) how to Refle&t the Sun Beams, and to 
deſcribe Hour-lines and other Furniture for Dials,upon ſuch Plains, oz which 
the direct Beams 4 the Sun: can never ſbine. The Glais, caſting the Refleion, 
being placed,ejther Parallel orQblique to theHorizon: And without ay regard has 
theSituation of theObjeCtupon which theRefleQtion is made, ehetheri tbePlain 
or Curved, One or More, Contiguous or Separate, from pag.122 topag.142 

11. How thework of the XI TraQtate may be performed by an eaſielnſtrument fitted 


with Lines #0 that purpoſe ; without any regard had to the Axis of the World, 
either ProjeCted or RefleCted, 


rom pag.143 to pag.151 

ITT. How the ſame work is to be performed both Geomet fot yr b, 17 Ln 
metrical Calculation, | | from pag.152 topag.157 
TRACTATE XI 


Refle&ive Dialling. 


Shewing, both Inſtrumentally, and Projeftively, How to make Sun Dials (and 
| to inſert all uſual Furniture into them) in the inſide of any Concave Veſſel, 
_ either Regular or Irregular : Which Dials, ſhall ſhew the true Hour of the Day, 
 &c. when the Veſſel ſhall be quite filled with Water : or, when it ſhall be part- 
ly full and partly Empty, from pag.158 to pag.170 
TRACTATE NIV. 


Of the Five Platonick, and other Regular Bodies. 
The manner how to Cut them in Stone or W ood, and to furniſh them with Sun 
Daals, | from pag 171 topag.183 
A SUPPLEMENT. 


Containing a brief ws ara, and Figure, of a Pyramidical Dial ; which was erefted 
in the Kings Majeſties Privy-Garden at White-Hall, Anno 1669. fromp.131,to p.1$3 


ADVERTISEMENT. 


Two Books of this Authors now ready for the Preſs ; Viz. 


oh {- Nua MATHEMATICAa: The Gare into the Mathematical Sciences opened : And 
the Way made Plain to the Demonſtrative attaining of them. Wherein, the 


Dottrine of the Dimenſion of Triangles, Plain and Spherical, is fuccintly handled, Geo- 
—_— Demonſtrated, And Arithmetically, Geometrically and Inſtrumentally Perfor- 
med, &c. p 


IL ANCliila COSMOGRAPHIZ: A Hand-Maid to Geography, Aſtronomy, and 
other Mathematical Sciences, Illuſtrated, in the Uſes of the Terreſtrial and Celeſtial 


Globes, And, upon them, to perform ſuch Problems in Geography and Navigation, as 


have relation to the Earth and Sea: And in Aſtronomie, as concern the Motions of the 


Sui and Fixed Stars. In the performance of which ; the Spherical Triangle made upon 
the Globe (OO to every Problem) is delineated; and the Canon annexed, for the 
ame T rigonometrically. 


Calculation of the 


BOO K S of "this AUTHOR Extantin it * 
ri T0 Ws 
| gh Ppint, ares. q'\\ i 
H: ARITHMETICK, in Four Parts, - His CURSUSIUMATHE MATICUS: 
Al, 


viz. Vulgar, Decimal, Inſtrumemat"'agd Or,ttie Aarhemurical Sciexces ſo methodically 


ebr aical. . G1 © ,Þ-.2 11” difpoſetl,as they onght! to be Read and Pra- 
The Uſe of the Line of Proportion, made Ea- 'Hiſed.by fuch as wonld attain to a competent 


H, and by it to meaſure Timber, Srone, Board, : /proficiency/in them, by their own 1dyſtry. 


* 


Pavement. Hangings,Wainſcote, &c..120. Folio. = © 
war COM P L EAT S 5 VE YOR: ' HiS RECRE Atto NS, Numerical, Geo- 
Teaching the Whole Arr of Surveying of Land, metrical," Mechanical,  Stgtical; Aſtronomical, 
by the Plain T able, Theodolite, Circum erehtor, Horomirrical, Crytographig al, Magnetical, Au- 
and other Inſtruments. In Five Books. Fpliv.”/ romarical, Chymical, Hiſtorical. Folio. 


His Arithmetical Recreations, 120 © His P ANAR ITHMOLOGTA: A 
His Geometrical -EXERCISES for Book of Accounts ready caſt up: Being a 
young, Sea-men. 4fo.. Mirror for Merchants, a Breviate for Bankers, 
His Geometrical Dialling. 40. a Treaſure for Tradeſmen, a Platform for Pur- 


His Platform for. Purchaſers, Guide for chaſers or ortgagers, &Cc. 
Builders, and Mate for Mea __ 4to. . - IE | 
His PANORG.ANON:': Beiag the 
Deſcri A of a Univerſal Quadrant, gnd the He' hath now + ir» and almoſt ready 
Uſes of it it Geometry, Aſtronomy, Dial#ng, &c. for the Preſs, Theſe Pieces following, viz. 


—_ 


0, \ 
His Uſe 6f the GLOBESin Aﬀronomy, - TRIGONOMETRIE, Plain and 
and Geography. 80. | Spherical; all Geometricaly demon- 
His ASTROSCOPIU M: Being the ſtrated. ed NOIR 
Deſcription and Uſe of two Hemiſpheres, Pro-Þ A Treatiſe GEOMETRIC AL, of 
jeted upon the Poles of the World. 8b. © ''''' Aftronomie and Geegraphy, wholly deligned 
His DIALLING, Plain, Concave, Con- for Navigation - wherein that Art will be 


vex,Projetiive, Reflettive and Refrattive. Folio. rendred far more eaſy than hitherto it hath 
His Second Part of the Rule of Proportion. been yſvally Taught or Praftiſed. 
120, UR ANIA PRACTICA Rediviva. 


ADVERTISEMENT. 


H E Place of the Author's Refidence is about Ten miles from 
London Weſtward, at a Place called Southal, in the Road be- 

tween Acton and Vzbridge, and three miles from Brentford : Where 
he intends to Read the Mathematicks, and Inftru& young Gentlemen, 
and others: And. to Board upon reaſonable Terms, all ſuch as ſhall 
be pleaſed to makea more clofe Application to thoſe Studies : Where 
tuck Boarders, and others, (during their time of Refidence with 
him) ſhall have the Uſe of all Books, Maps, Globes, and other Ma- 
thematical Inſtruments, as are neceſſary for their Inftrution, till they 
provide themſelves of ſuch as they ſhall have occafton for afterwards. 


You may hear of him, and have an Account of his Terms, and 
manner of Proceedings : B 
Mr. Robert Morden, at the Sign of the Atlas in Cornhil, near the 
Royal Exchange, Globe-maker. 0 
Mr. Henry Wyn, in Chancery-Lane, over-againſt the Rolls, Mathe- 


matical Inſtrument-maker. 


A 
Arts 


\ 


Arts aud Scrences Mathematical P rofe ejſe d and Taugh ; 
by the AUT HO R. | 


(CIn Whole Numbers; and Frattzans. | 
In Decimals;ahd&by Logarithms. . oily \ x69. | 
Inſtrumentally, 'by Decimal Scales, Napiers Bones: And to extra& 
.. the Square and Cube Raots:dy.Inſpettion. Tere | 

Geometry te : '3 The Principles thereof Y Praftice, and SEE 
: 3 with the | Deinonſtration. 


\ Thee: and PraQical. y 


Arithmetick, 


The Deſcription of the Circles of the Sphere: 


Aſtronomie : jo Uſe of the Globes, Comer: 2nd 


' 


To proje® the Sphere in Plano upon any Circle, IRighe, or 
| Oblique. 


And upon theſe Foundations, the following SuperſtruQtures. 


_ CHeights, 'J Trees, Towers, &c. 
\ Longimetria,, or the JDepths , Mines, , Wells, Deſcents ; 
Menſuration of <0 Oc. | 
The Vle of | : Diſtances, . Churches, Towers, &c. 
Geometrical SORIIOY ar —— duos 

ometria, Or tne | x 
eg | Menſuration of YPavement, (Or 417 other Superficies, 
PraQtice of  GCIlng, GED, 
Stereometria , or the CTimber, groing or ſquared, 
Menſuration of <Stone,, regular or irregular. 
Cask, commonly call Gaglng. - 

\-Geodeſia, or the Meaſuring of Land divers ways, and by ſeveral In- 
ſtruments; to draw the Plot of a whole Mannor or Lordſhip; to 
caſt up the Content thereof ; and to beautify the ſame with all ne- 


ceſſary Ornaments thereunto belonging 
F the Menſuration of Triangles, both Plain, and 


Spherical. 
| Geometry.” 
Trigonometria : | 25 Aſtronomy* 
[The Application thereof, in the ſolution_/Geography 


of Problems in Navigation. | 
Fortification. 


jy Dialling, &c. 
—_ The Plain Sea-Chart 
Navigation : The Principles thereof, and the Mercator's Chart. | 
manner of Sailing by  CThe Arch of a great Circle. 


Sines, 
Arithmetically, by the Tables of9 Tangent 
= cale, an 
Oro i W. Geometrically, by ConnAs | n 
Dialling : Inſtrument ally, by the Sector , Quadrants, Scales , and other [n- 
- ſtrumeats accommodated with Lines for that purpoſe. 


AL» Q 


thereof made ; or any Sun-Dial, or Dials about their Houſe or Garden (of 
what kind ſoever, Fixed or Moveable) he will prepare or make for them ſuch as 
ſhall be deſired, 


L any would have their Land or Building Surveyed, or Meaſured, and a Plot 


pn + 


* , 


A NECESSARY _. .- 
* INTRODUCTION; 
Conſiſting of * - her 
DEFINITIONS and PROBLEMS, 
Geometrical and Aftronomical : 


For the more eafie Apprehending, . and ready Performing 
of the ſeveral Matters and Things contained in the 
following TRACTATES. TY 


PROBLEM-I. 


From any Point in 4 Right Line given, to erect another Right Line; which 
ſhall be Perpendicular to the Right Line giver, 


Definition 1.] Point is that which hath no Part, and © the leat 
A imag*nary Thing , as this Point or Prick noted 
. wi © as 
Definition 2.] A Right Line « 4 Line draw;2 equally between two given 
Points, aid is the fhorteit diſtance betweeks them, as is this Line X Y, which 
is the (borteft diſtance between the two Points X and Y.; 
| | xE——Y... | 
Definition 3.] A Right Line # ſaid to be Perpendicular t6_ another 
Right Line, when it maketh the Angles on either ſide of the erefted Line 
equal, that us, ſo that the erected Line inclines not, either to the Right-hand,; 
or to the Left ; but ſtandeth upright upon the Ln Foes which it us erefted : 
As in [Figure I.] The Right Line AB, #s ſaid to be Perpendicular to 
the Right Line C D, «pox which it is eretted, for that it ihclineth ntither to 
the Right or Left-hand ; and becauſe the Angles on either Sjde thereof are 
equal ; namely, The Angle ABC, on the one ſide, equal to the Angle 
ABD, on the other ſide ; either of which Angles are Right Angles, and 
the Right Line A B, /o ſtanding, is Perpendicular to the Right Line C D; 
pon which it is eretted, | | 


Praflice. JF ET the Right Line given be CD, and let it be requi- Figure 
red to ereCt another Right Line, which ſhall be Perpen- I. 
cicular thereunto, from the Point B. VN | 
_ your Compaſſes to any convenient ſmall diſtance, and ſettin 
one foot 1n the Point B, with the other make the two ſmall Marks E an 


-g B F, on: 


2 


Fipare 


L 


ITINTRODUCTTION. 


F, on either ſide equi-diſtant from the given Point B, This done, 
Open the Compaſſes again to any convenient diftance, (greater than the 
former) and ſetting one foot in the Point E, with the other deſcribe the 
obſcure Arch G G, (over the _ point B , as near as you can gueſs) 
—— Again, (the Compaſſes being {till open at rhe ſame diſtance) Set 
one foot 1n the point F, and with the other deſcribe another obſcure - 


Arch H is Brk gry. the former in the point A: So is A, a point found, 


chrough which, if you draw a Right Line from the given point B, ther 
Right Line A B, ſhall be Perperazcular to the given Right Line C D, and 
from the point B, which was required to be done : And the Angle ABD, 
on the one ſide thereof, is equal to the Angle ABC, on the other ſide ; 
and both of them are Right (or Square) Angles. 


Note, An Angle is always ſignified by Three Letters, as a Point is by 
One: The -middlemoſt of which Three repreſenteth the Angular 
point, as inthis Caſe the Letter B-—B, being the Angular point, 
and the Lines A B, and BC the Sides, containing the Angle B. 


PROBL IL 


How to ere a Perpendicular , when the given Point is in (or near) 
the end of the given Right Line. 


Praftice.) Here are ſeveral ways to effe& this; of which I will here 
ſhew you only 'T'wo, as being the beſt. 

Let AB be a Lane given, and from the point A, towards the end 
thereof, let it be required to erett the Perpendicular A C. — Firſt, 
Open the Compaſles to any {mall diſtance, and ſetting one foot in the 
given point A, with the the other deſcribe an Arch (or part) of a Cir- 
cle FED;— And (keeping the Compaſles ſtill at the ſame diſtance) ſer 
one foot in D, and make a mark in the Arch at E, and fſetring one foot 
in E, with-the other deſcribe another Arch of a Circle AFG, croſſing 
the firſt Arch in F.— Again, Set one foot in F, and with the other de- 
ſcribe the ſmall Arch HH, crofling the tormer in the point C, through 
which point C, draw a Line from the given point A, and that Line 
ſhall be Perpendicular te the given Line AB, and drawn from the point 
A, as was required, 


A Second Way. 


Let B (the extreme end of the given Line) be the pot given. 
Open the Compaſles to any convenient diſtance, and ferting one foot 
in B, pitch down the other foot at adventure in the point K; ſo one 
foot reſting in K, turn the other about till it croſs the given Line AB in 
L, and draw the Right Line LK at length, and ſet the ſame diſtance 
K L, (at which the Compaſſes already ſtand) from K to M; ſoaLine 
drawn from B through M, {ſhall be Perpendicular to A B, -and from the 
given point B, as was required. 


PROBL: 


INTRODUCTION: 


PROBL. Il 


From a Point above, to let a Perpehdicular fall xpox 4 Right 
Line under , it. 


N this there are two Cafes, — Fir#, When the given point above; 
is over (or near) the Mzadle of the given Line : And — Secondh, 
/hen the given point is juſt (or near) over the Ez of the given Line. « 


Prafice.]V N the firit Caſe; Let N O bea Right Line given, and from 

the point P (over it) let it be required to let fall the Per- 
pendicular P Q, Fir# , Open the Compaſles to any convenient di- 
{tance, greater than the Diſtance between P and Q; and ſetting one foot in 
P, with the other draw an obſcure Arch of a Circle, cutting the given 
Line in the points R and S, — Secondly, Divide the ſpace between R 
and S, into rwo equal parts in the' point Q; So a Right Line drawn 
from the given -point P, to the point Q, ſhall be Perpendicular to the 
Line N O. 


Note, To avoid the dividing of the Space RS, into two equal parts, to 
find the point Q; if you have room (either above or beneath your 
Line) you may ſet one foot in S, and opening the Compaſles to any 
convenient diſtance, make the Arch Y Y, and removing the Com- 
paſſes to R, make the Arch Z Z, croſhng the former in A, fo a 
Line drawn through AX. and P, ſhall be perpendicular to N O. 


In the ſecond Caſe ;, Let V be the point given; — Fir#, From any part 
of the given Line N ©; as from T, draw a Right Line to the given 

int V, which divide into two equal parts in X.— Secondly, Set one 
oot of the Compaſles in X, and with the diſtance X'T deſcribe the Arch 
(or Semicircle) VOT, cutting the given Line NO in O; fo ſhall O be 
the point, to which from the given point V, if you draw a Right Line, 
it ſhall be a Perpendicular to the Line N 0 , and from the point V. ; as 
was required, 


PROBL. IV. 


To divide a Right Line into Two equal Parts, and at 
Right (or Square ) Angles. 


Prafice.] ET AB bea Line given, to be ſo divided, - 

your Compaſſes the length of the given Line AB, .or 
any other diftance, greater than half the length thereof; and ſetting one 
foot in the end A, with the other draw the Arch CD E, —— Second- 
/y, (the Compaſſes being open at the fame diſtance) Set one foot in B, 
and with the other croſs the former Arch ( both above and below the 
Line) in the points F and G: So a Right Line drawn (or a Ruler laid) 
from F to G, ſhall cut the given Line in H ; fo ſhall the gun Line 


AB be divided into Two equal parts in the point H, and at Right 
Angles, which was required- 


PROBL: 


Figare 


III. 


2... Faeare 
Take in Ty. 


Y. 


INTRODUCTION. 


PROBL. V. 


A Right Line being given, to draw anther Right Line which ſhall be Pa- 
rallel thereunto, at any diſtance required, or thro* any Point aſſigned. 


Definition.] JJ Tght lined Parallels, are ſuch Right Lines, which being 
drawn upon the ſame Plain, and mnfinitely extended on et- 


ther ſide, would never concur or meet ; but always, in all parts, retain an 


equal diſtance ; and ſuch are theſe two Right | B ——C 
Lines BC and BD. | , JEW D 
In the deſcribing or drawing of Parallel Lines, there may fall out Two Ca- 


ſes or Varieties. As, 


1. It may be m_ to draw a Line Parallel to another Line, at 4 cer- 
tain given diſtance, 


2. The Parallel may be required to be drawn through an aſſigned Point. 
And of this Kind there are two Yarzeties : For, 


1. The given Point may be over or under the given Line; Or, 
2. It may be Oblique to the Line given. 


Firſt Caſe.) red to draw another Right Line Parallel thereunto, 
at the diſtance of the length of the Line G. 
Firit, Take in your Compaſſes the length of the given Line G, and 


Figure Pradtice of 5) by T EF be Right Line given, and let it be requi- 
a 


| ſet one foot in the point E, (or in any other part of the given Line, to- 


wards the end thereof ) deſcribing the ſmall obſcure Arch I K : ---- Ther 
move the Compaſſes to F, (near the other end of the Line) and deſcribe 
another ſmall and obſcure Arch L M:---- Laſ"ly, Lay a Ruler to the ve- 
ry top of theſe two Arches, ſo that the Ruler do not croſs but juſtly 
touch either of them ; Then if by the edge of the Ruler you draw a 
Right Line N O, it ſhall be Parallel to the given Line E F, and at the 
diſtance of the length of G, which was to be done. 


Prattice of the ET PQ be a Right Line given, unto which yon 

Second Caſe. - are to draw another Right Line Parallel, which Pa- 
rallel muſt paſs thro? the given point R. 

Firſt, Set one foot of your Compaſles in R, and with the other take 
the neareſt diſtance to the given Line PQ; which is done by opening 
or {hutting of the Compaſſes, till the moveable point of them do only 
touch the given Line P Q; and there deſcribe the Arch S'T.,-—-- Secondly, 
The Compaſſes at the ſame diſtance, ſet one foot in P, (or any point 
towards the other end of rhe given Line) and with the other deſcribe 
the Arch V X.----- Lsſtly, Through the given point R, and the very 
top of the Arch V X at Y, draw the Right Line R Y, and it ſhall be 
parallel to the uo Line PQ, and ſhall alfo paſs through the given 
point R ; which was required to be done. ; 


Pratlice of the E T A Bbe a Right Line given, to which another 
Third Caſe. Parallel Right Line 1s given to be drawn, which 
ſhall paſs through the Point C, 


Fir, 


INTRODUCTTON. 
Fir#t, Take in'your Compaſſes the diſtance from C to B, the end of 
the given Line. -— Seconaty, Set one Foot in A, (the other end of the 
oiven Line) and with the other deſcribe the obſcure Arch F G. ----T, hirdly, 
ake in your Compaſſes the length of the given-Line AB, and ſetting 
one Foot in C, with the other deſcribe the Arch DE, crofling the for- 
mer in the point H : So a Line drawn from the point C, through the 
point H, ſhall be parallel to the given Line A B, which was required. 


FAODL YL | 
To make an Equilateral Triangle, whoſe Sides ſhall be all equal to 


a Right Line grver, 
Definition. \ 


Pradtice.] ET @ be the Line given, to which make the Line MO Fjogre 
equal ; Then, Take the length thereof in your Com- yT, 

paſſes, and ſetting one foot in M, with the other deſcribe the Arch A A. --- 

Again, Setting one foot in O, deſcribe the Arch B B, cutting the former 

Arch in N.---- Laſtly, draw the Right Lines N O, and N M, and they 

ſhall include the Equilateral Triangle M N O, as was required. 


PROBL YI 
To make a Triangle of any three (poſſible) Right Lines given, 


E T the three Lines given be C, DD, and E.-—-- Firſt, Take the p;,.,, 
longeſt Line C, in your Compaſles, and make the Line F G, equal Vit 

thereunto., ---- Secondly, Take in your Compaſſes the Line D, and ett; 

one foot in G, deſcribe the Arch H H.---- Thzraly, Take the Line E, and 

ſetting, one foot in F, deſcribe the Arch II, crofling the former Arch in 

K.---- Laſtly, Draw the Right Lines KF, and KG, and they ſhall con- 

ſtitute a Triangle, whoſe three ſides ſhall be equal to the three given 

Lines, C, D, E, which was required. : 


FAO . VAh 


To make a Geometrical Square, whoſe four Sides ſhall be equal to 
a given Right Line. 


Definition.) Geometrical Square i ſuch a Figure whoſe four Sides 
are all equal, and its four 'Angles, all Right ( or 


N Equilateral Triangle, # ſuch a 'Triangle as hath all 


its Sides equal one to another. 


Square) Angles. 


Praftice.)W FT the given Line be S, take the length thereof, and Figere 
| make the Line T V equal to it , Then on the end T, VIII. 

ere& a Perpendicular T X, equal alſo to the Line S.---- Again, Set one 

Foot of the Compaſſes in X, and with the other deſcribe the Arch P P.-- 

Alfo, ſet one foot in V, and with the other deſcribe the Arch R R, cut- 

ting the former Arch in Z.----Laſtly, Draw the Lines ZX, and Z V, 

and you ſhall have conſtituted a Geometrical Square, whoſe Sides ſhall be 

all equal to the given LineS, as was required. 


C PROBL. 


6 INTRODUCTION. 


_— FTAROBL Ih p 
| To divide a Right Line given, into any number of Equal Parts. 
Fieure ins 5 the Right line G be the line given, to be divided into 
IX, five equal parts. 
| Firſt, Upon any line drawn at pleaſure, as the obſcure line H K, with 
your Compaſles opened to any ſmall diſtance, run along the ſame Five 
times at the figures, o, 1, 2, 3, 4, 5, (becauſe the line given is to be di- 
vided into five parts).——Then, take in your Compaſſes the diſtance from 
oto 5, and with that diſtance, make the Equilateral Triangle 5 L o. 
——Again, take in your Compaſles the given line G, and ſet that di- 
ſtance from L to M and N, drawing the line M N (which will be equal 
to the given line G),—Laſtly, Lay a Ruler from L, to the points 1, 2, 3, 
and 4, 1n the line H K, and the Ruler will cut the line M N in the points 
I, 2, 3 4, dividing the ſame line equal to G, into five equal parts, as 
was required. 


Note, This Equilateral Triangle thus made, 1s capable of dividing 

| any other line into five _ parts, be it either greater or leſſer than 

this given line G, if the length thereof be fet from L, on both ſides 

j of the Triangle, and the line drawn croſs from fide to ſide, as in the 
higure you ſee the lineQ R, which is ſhorter, and the line P O,,which 

4 | 1s longer than M N (which was equal roour given line G) are both 

ll of them divided into five equal parts. 

| 


PAOBL, 2. 


© — 


| — — . P64 


| How to divide a Right Line ix ſuch parts as another A 
or Right Line zs before divided. "* 


ET the line A B be a Right line unequally divided 1n the points 10, 

20, 30, 40, 50, 60, 70, and 80, And let it be requyred. to divide 
the rwo lines, viz. CD which is longer, and E F which is ſhorter, 
into the like unequal parts. 

Of the given line A B make an Equilateral Triangle A'S B, and extend 
the ſides SA and SB to G and H, and farther if occaſion be. 

Then, take the ſhorter line E F, and fer it from S to Ejzand from Sto 
F, and draw the Right line E F. Alfo take the longer line CD, and 
ſet that from Sto C, and from Sto D, and draw the line CD. 

Now if you lay a Ruler to S, and to the ſeveral unequal diviſions of 
the line A B, where the Ruler ſo laid doth croſs the two other lines, it 


ſhall alſo divide them into the like parrs. 


PROBL AL 


To any three Points given, which lye not in a Right Line; to find the Centre 
— of a Circle, whoſe Circumference being defiribed ſhall paſs through the 
grven Points. | L 

gure ET thethree points be A, B, C, — Firſt, Ser one foot of your Com- F. 
. ſes in one of the given points A, and extend the other foot to 


B, another of the given points, and draw the Arch of a Circle G F D, 


: Secondly, (the Compaſſes being kept ar the fame diſtance as _ 
t 


Figure 


> 4 
BA, » 
_ J Wok 4 
" a SLY 
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Set one foot in B, and with the other foot croſs the former Arch 
GFD, with two ſmall Marks or Arches, 1n the points D and F, and 
draw the right line D F.——Thirdly, ſet one foot of the Compaſſes in 
the third given point C, (they {till keeping the ſame opening) and with 
the other foot croſs the firſt drawn Arch G FD, 1n the points E and G, 
and draw the right line EG, crofling the former right line D F inthe 
point O,. So ſhall O-be the Centre of a Circle; in which, if you ſet one 
foot of the Compaſſes, and open the other to any of the three given 
points, the Circle ſo deſcribed ſhall paſs direQly through all the three 
points A, B, and C, as was required. 


PROBL AIL 


Two Points within a Circle being given, how to find the Centre of the Arch 
of a Great Circle, which ſhall paſs through thoſe given Points. 


Definition] Great Circle «pox the Sphere, is ſuch a Circle as divideth 

| the Sphere or Globe into 'T wo equal parts; and ſo, the 
Arch of 4 Great Circle, deſcribed upon a Plain, # ſuch an Arch, as divi- 
deth the Perifery or Circumference of the Fundamental or Primitive Cir- 
cle given, into Two equal Parts, - 


Fipare 
Prattice.] ET G BHD bethe Fundamental or Primitive Circle given, $Is, 
I, whoſe Centre is C; and let the two points within the 
ſame, through which the Arch of a Great Circle 1s to paſs, be X and Y. 
Firit, Through one of the given points X, and Centre of the Circle C, 
draw a right line X C, extending it infinitely towards F ; upon this 
line from theCentre C, erett the Perpendicular C B, and draw the right 
line B X, cutting the Circle in G, through which point G, and the Cen- 
tre, draw the Diameter, or right line GCH. Lafth, Through the 
points B and H draw a right line, extending it till it cut the line X F in 
R, ſo have you found a third point, viz. R, through which the Arch 
of the great Circle to be deſcribed muſt .paſs; and now having three 
points, X, Y and R, you may through them (by the laſt Problem) draw - 
the Arch of a Circle, namely the Arch AXY LR, whoſe Centre will 
be at K, and whoſe Arch will divide the Primitive Circle into two 
equal parts in the points A and L: And that it doth ſo, is evident, for 
that the right line drawn from A to L, doth alſo paſs through C the 
Centre of the Primitive Circle, 


AS 


ASTRO- 


INTRODUCTION. 
ASTRONOMICAL 


q : BEING 


| p The Deſcription of a Material Sphere or Globe,and of the Points, 
| _. Lines and Circles thereon deſcribed and belonging, how they 
are ſituate upon the Globe, and to what Uſe each of them 


ſerveth. 
\ V of Dialling with Profit, muſt not be 1gnorant of the Rudiments 
and Principles of Aſtronomy; {uch, I mean, as relate to the 
Sphere or Globe; of which I have lately publiſhed a Book of the Uſes 
of the Globes, Celeſtial and Terreſtial; and to be well acquainted with 
the ſeveral Points, Lines, and Circles thereon deſcribed ; and to know 
to what U/e each of them are appropriate: 'To the attaining where- 
| of, I premiſe theſe following Definitions. 


I. Of a Sphere in General. 
Sphere (as it is defined by Euclide) is 4 ſolid Figare ; 


made, when the Diameter of a Semicircle abiding un- 
moved, the Semicircle is turned round about, till it return to the ſame place 
from whence it began to be moved : So that all the Rayes drawn from the 
Centre to the Superficies of a Sphere are equal. The Axis of which 
Sphere is that fixed Right Line, about which the Semicircle is moved, 
 ————The Centre of the Sphere, is the ſame point with that of the Se- 
micircle. And the two extream ends of the Diameter of the Semicircle, 
are the two Poles of- the Sphere. Rs 
The Circles that are deſcribed upon the Superficies of a Sphere, are in 
number Ten: Of which Six are called Great Circles, becauſe they divide 
the whole body of the Globe into Two equal parts. The other Four 
are called Small or Leſſer Circles, for that they divide the body of the 
Globe into Two unequal Parts . | 


Hoſoever intends to attain any competent Knowledge in the Art 


Definition.) 


Figure 


XIII. 


1. The Meridian 1 (7. Azimuths, or Vertical 
2. The Horizon | Circles 
3. The Xquinoctial 8. The two Trovicks 
4. The Echptick > 9. Parallels or Circles of 
5. The Prime Vertical or | Declination 

Circle of Eaſt & Weſt| | 10. Circles or Parallels o 
6. The Hour-Ciucles 3+ Alritude. 


Of theſe Circles, all but the three laſt are great Circles of the Sphere, 
which atvide it into two equal parts; and the two Tropicks, the Circles 
of Altitude, and Declination, are {maller Circles, ad divide the Sphere 
into two parts unequally, | There 
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INTRODUCTION: g 
There are no more Circles than theſe following, AiFually deſcribed on the 
Sphere VIZ. * | 7 
The Meridian 
. The Horizon 


I 
2 
3. The -1 reg = RF 
4. The Ecliptick VI Great Circles; ; 
þ | 
6 


. Equinottial 
; SolRicial TColure 


7-1 Tropicks Cancer | 

&. P Capricorn : 

9-2 Pal Artick 1. IV Small Circles 
rd. TO jy ntiy F TYM 


Ten Circles i all ;Six Greaterand Four Leſler as was ſaid before. 

As for the Hour-Circles and Vertical Circles, which are mention'd 
among the Great Circles of the Sphere in the former Analyſis, They are 
not drawn thereon, becauſe there is an infinite Number of p 4c and muſt 
therefore be left for the _—_— to-conceive, according to the poſition of 
theſe Places on the Globe which they reſpett ; as well as ſeveral other Great 
Circles, viz. The Circles of Longitu ; X Poſition and many others which 
are only imaginary. 

Neither are theſe Leſſer Circles or Parallels of Declination and Alti- 
tude fixed thereon for the like Reaſon. ; 

But being nevertheleſs of Equal Uſe in the Art of Dialling, we have 
therefore Accounted for them among the Reſt in the folowing Definitions, 


Beſides theſe great and ſmall Circles, there are ſeveral Points of note 
_ the Globe: as (1.) The Zenith, which &' the Point in the Heavens 
rectly over our heads, in what part of the Earth ſoever we be; (2.) The 
Nadir, which is the Point direttly under our feet ; (3.) The Poles of the 
World, about which the Heavens are moved; (4.) The Poles of the Eclip- 
tick ; (5.) the Poles of all other Circles. | 
1. Of the Meridian, © Sh 
The Meridian isa great Circle of the Sphere, which paſſeth throug XITL 
both the Poles of the World, and alſo through the Zeni% and Naarr 
Points, and crofſeth the Horizon in the North and Sozth Points thereof, 
Unto this Circle (any Day in the year) when the Sun cometh, 1t is 
Noon or Mid-day ; and when the Moon, Stars or Planets 1in the Night, 
come to touch this Circle, they are then faid to be upon the Meriazan, 
or at the higheſt rhey will be that Night. This Circle in the Scheme of 
this ProjeQtion is noted by the Letters ZANO. 
2. Of the Horizon. 
The Horizon alſo is a great Circle of the Sphere, and'it is that Circle 
which divideth the viſible part of the Heavens which we ſee, from the 
not viſible, that is, it divideth the Sphere into two Hemiſpheres, the 
lower, and the higher. To this Circle when either the Sun, Moon, Stars 
or Planets come to the Eat part, they are then faid to riſe; and when 
they have paſſed from the Ea#erly Point by the Meridian, and deſcended 
to the Weſtern part of this Circle, they are then faid to ſer. This Circle 
35 repreſented in the Projection by the right Line HAO. 
D 


3. of 


to. 


INTRODUCTTON. 

J > the EquinoCtial, 

The Equino#ial is a great Circle, and in the Sphereit is elevated above 
the Horizon (upon the Meridian Circle) ſo much as is the Complement 
of the Latitude of the Place, As at Loxdon, where the Latitude it 51 
degr. 32 min. there the Equinottial is elevated 38 degr. 28. min. (which 
GR as 5I —_ 32 min. wants of godegr.) and it cutteth the Hori- 
201 in the Points of Eaſt and Weſt. Unto this Circle when the Sun com- 
eth (which is twice os Jour, namely, about the oth of March and the 
12th of September ) it cauſeth the Days and Nights to be of equal length all 
the World over. This Circle is noted in the Scheme with A A 2, and 
cuts the Horizon inthe point A, which repreſents both the Eaſt and We#t 


points thereof. 
| 4. Of the Ecliptick. 

This alſo is a great Circle of the Sphere, and (in the Northern Hemi- 
ſphere, where the North Pole is viſible above the Horizon, and the South 
Pole not viſible) is elevated above the Equinoft:al Circle fo much as is 
the Sun's greateſt Declination, which is 23 degr. and about 31 min. and 
is as much depreſſed below the Equinodt:al in the Southern Hemiſphere, 
This Circle is called by ſome, The way of the Sun, for that the Sun 
in his motion never {werveth or goeth out thereot; and fo his Lox- 

itude or Place is counted 1n this Line. It cutteth the Horizon in 
the Eaſt and Weſt Point A, as the Equizotiial did. It 15 repreſented 
in the Scheme by the Line S A &, and hath charaGtered upon it the 12 
Signs of the Zodiack; the Six Northern Signs, © 0 S 9 and YT being 
on that half which is above the Horizon, and the Six Southern Signs 
=m 7 &and x, on the other halt, which is below the Horizon. 
5. Of the Prime Vertical. 

The Prime Vertical, or Circle of Eaff and Weſt, (generally called 
the Equinottial Colure) and then (as the Sphere 1s here projeted) the 
Meridian repreſenteth the Solſtic:al Colure, is a great Circle paſſin 
through the Zenith and Nadir Points, and allo through the Eaſt and Weſt 
Points of th. Horizon. Unto this Circle when the Sun, Moon, Stars or 
Planets, do (in their Motions) arrive, they are then due Eaft or Weſt. It 
Is in the Projection ſignified by the right Line ZAN, paſhng through 
Z, the Renith; N, the Naair ; and A, the Ezft and Weſt point of the Ho- 
7iz0n; and alſo cutteth the Equizodal in the Points Y and =. 

6. Of the Hour-Circles. 

The Hour-Circles are great Circles of the Sphere, meeting t er 
in the Poles of the World, and croſſing the Equinodtial at > Angles, 
dividing it at every 15 degrees; and then every of thoſe Diviſions is 
one Hour of time: bur it rhey paſs through other parts of the Equz- 
noetial, dividing it unequally, then do thole Howr-Cercles repreſent une- 

ual Spaces of time, according to the diſtance they are from the Aer:- 
aicn,or one from another. Ot theſe Circles in the Scheme of the Pro- 
jection there are tour, thus noted, PBS, PAS, PCS, and PDS. 
7. Of the Azimuth Cucles. 

The Azimuth or Vertical Circles, are great Circles of the Sphere, meet- 
ing together in the Zenith and Naarr Points, as the Hozr-Crreles do in 
the Poles of the World, and divide the Hor:z97 at right Angles, either 


equally, or unequally, as the Howr-Circles did the Equinodtial, In the 


Scheme of the Projettion there are tour of theſe Ferrical Circles, thus 
noted, ZON,ZFN, ZAN, and ZGN. 
8. Of 
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INTRODUCTION. 
8. of the Tr opicks. 

The Tropicks are Leſſer Circles of the Sphere, dividing it unequally, 
and are drawn parallel to the Equinofial, at 23 degr. 3o min. diftance 
therefrom, equal to the Sun's grea eſt Declination on either fide. That: 
Tropick which is on the North-ſtde is called the Tropick of Cancer, to 
which when the Suncometh (which is but once in a year, about the roth 
of June) it maketh ,the Longeft Days to all the Northern Inhabitants of 
the World and the Shorteſt Nights. The other Tropick, which is on the 
South-ſide of the Equinofial, is called The Tropick of Capricorn, to which 
when the Sun cometh (which is about the 1 1th of December) it maket 
the Shorteſt Dayes and the Longeſt an to all Northern gg an 


the contrary to all the Southern Inhabitants of the World. In the op: | 
of Ca- 


Qtion the Tropick of Cancer is ſignified by & I S, and the Tropick 
pricorn by WY K wy. " 
9. Of the Circles or Parallels of Declination. 
'Theſe alſo are Smaller Circles of the Sphere, and are drawn parallelto 
the Equinottial,, towards both the Tropicks, anduptothem. Thoſethat 
are on the North-ſide of the Equinodtial are called Parallels, of North 
Declination, and thoſe that are on the South-fide of the *Equinottial are 
called Parallels of South Declination. Of theſe Parallels there are in the 
| Scheme ofthe Projeftion two, one towards the Tropick of Cancer, the 
other towards the Tropick of Capricorn, and either of them 20 de 
diſtant from the Equinoitial, The Northern Parallel of Declination 1s 
noted with Ion, and the Southern with=E 7. 
10. Of the Circles or Parallels of Altitude. | 
The Circles of Alritude are likewiſe Small Circles of the Sphere, and 
are drawn parallel to the Horizon, as the Circles of Declination were to 
the Equrinoctial, Theſe Parallels are drawn from the Horizon towards 
the Zenith point, and upon occaſion, in many Caſes quite up unto it. 
By theſe Parallels are meatured the Altitude or Height of the Sun, M 


and Stars. in the Scheme there 15 only oneof them, and that is ex 
by the Letters M t L. 


Thas have I given you 4 brief and plain Deſcription of the Circles, both 

reat aud {mall, which we ſhall have occaſion to uſe in the ; 

reatiſe. And here note, that every Circle of the Sphere (both Great and 
Small) hath his proper Poles, which Poles ( of all the great Circles) are 
go De-rees, or a Quadrant of 4 Circle diſtant from the Circle it ſelf. 


By way of Concluſion to this Introduttion, T have here inſerted 
two Tables, uſeful and pertinent to the following TraQates: the one of 
the Latitudes of divers principal Places in Ezgland, Scotland, and Ireland : 


bar = of the Sun's Declination, uſeful for finding the Sun's Azi- 
math, &c, 
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An Al 'phabetical Table of the Latitudes of the 


chief Cities and Towns in England, Wales 


Scotland, and Ireland. By Robert Morden. 


m_ 


Bath 
Bedford 
Briſtol 
Buckingham 
Bury in Suff. 
Cambridge 
Canterbury 
Carlile 
Cheſter 
Chicheſter 
Colcheſter 
Coventry 
Derby 
Dorcheſter 
Durham 
Ely 

Exeter 
Gloceſter 
Guilford 
Hertford 
Hereford 
Huntington 
Ipſwich 
Kendale 
Lancaſter 
Lanceſton 
Leiceſter 
Litchfield 
Lincoln 


Monmouth 
Newcaſtle 


Norwich 
Nottingham 


Okeham 


In ENGLAND. 


LONDON 


Northampton 


D. 


M. 


23 
8 
28 


D. M. D. M. 

Oxford $1 46 |Dundee 6 31] 
Peterborough $2 36 |Glaſpow s& - & 
Readin gi 28]Irwin 55 Fo 
Roch - þ F1 25 | Larnack ja 
Salisbury 51 3|] Montroſle 56 44 
Shrewsbury 52 46 | Nairn $7 30 
Southampton $5o 54 | Perth or St. 56 32 
Warwick 52 21| Sterling 56 15 
Wincheſter 51 4] Withern $4 57 
Worceſter 52 151] In IRELAND. 
York 53 58] Ardmagh 54 23 
InW ALES. Athlone 3 It 
Aſaph 53 20] Bantr Fl 30 
Bangor 53 21 | Belf 54 41 
Beaumorice $3 24| Caſhel 52 24] 
Brecknock 52 6| Catherlagh +52 46 
Cardiff 51 30] Clare 52. 42 
Cardigan 52 12] Cork gl 43 
Carmarthen Fi $6 | Craven es "1 
Carnarvan $3 18] Drogheda $3 44 
S. Davids 52 of DUBLIN 53 20 
Denbiſh 53 18] Donnegal 54 40 
Harlech 52 58] Dundalk "Ye 
Landaaf 51 31] Dungarvan $51 x57| 
Montgomery $52 39| Galloway e9 . 23 
 Pembrook 51. 45| James Town 53 53 
Radnor 52 30] Kildare T Ws 
Welchpool 2 43 | Kilkenny $2 34 
In SCOTLAND. Kinſale Fl 30 
Aberdeen $7 6] Knockfergus 54 50 
St. Andrews yF6 24|Limrick 52 33] 
Berwick 55 50|Letrim 53 58 

| EDINGBRUGH 56 A4\ Londonderry 55 4 
Dunblain 56 20 Longford 53 42 
Dunbritton 56 10, Slego $4 17 
Dunbar 56 3| Waterford ' 52 9 
Dunfries 55 3] Wexford $2 17 


— 
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T ABLE ſhewing. the Sun's Declination fo 
every day of the Tear, ſerving for the more read 
finding of the Sun's Azimuth. 


=O 


A Table of the Sun's Declination. 


| Janu. | Febr. March. | April. May. EY Tuly. Aug. | 
» . Mi. x1 ak mi.[4. al. mi.\d. - mild. mi.|d; mi. 


+ mi 
46] 3 24] $ 36118 5j23 12]22 $15 12] 4 24] 7 15127 2 06 
26] 3 of 8 58118 20ſ23 .16[22 14 $444 2] 7 339117 56123 13 
51 2 37] 9 20 36] 3 s 18 12123 1 
451.2 13] 9 42 17] 3 8 22118 28123 
25] 1 4910 3 53] 2 $ 45118 43123 23 
41) 1 25110 24 9 18 $59}23 
43] 1.2 10 45 9 2gli1g9 13123 2 
21] 08 38]11 © 9 $1ilig 27123 3 
ol 03 14111 27 13119 41123 21 
33} © 1opit 47 351'9 . 55123 3! 
19 461o 16] o 33112 7 $6120 BV8123 3 
i9 32] 9 54] o Z57]12 28 18}20 21123 21 
19 18] 9 32 1821112 48 29120 3 23 2 
is 3|9 of 1744113 7 20 23 2 
18 48] 8 48] 2 $113 27 21, EE 25 
1s 3318 25] 2 31]13 46 41/21 gi23 221 
is 17] 8 31-2 54114 5 21 20123 19 
is 2] 7 4ol 3 18]14 24 22121 31123 1 
7 45j7 17] 3 41314 42 42121 41123 12 
i7 2816 54] 4 *'5Þ5 2121 $0123 7 
17 1116 31] 4 2515 19 | ; | 21122 $ 2 
i6 5416 8f 4 51]15 37 41122 22 $57 
16 36] 5 45] 5 14]L5 54/22 " ofſ22 17122 51 
i6 18] 5 21] 5 37116 12,22 I9/22 25122 44 
16 c|4 58] 6 c|16 29/22 | 237122 33122 37 
is 42] 4 341.6 22116 46,22 55122 22 -20 
is 221 4 11] 6 4517 | 12122 46122 22 
is 413 47] 7 7117 - 18122 31122 $<52122 14 
i4 45} +» « | 7 3c]17 34122 49122 $0j22 &5 
I4 26] « « | 7 $2117 $0123 6123 A421 $6 
—_— 19 Yo 22] - +» 121 4 
The End of the Introdudton. 
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PLAIN 
DIALLING 


By Projefting the Sphere in Plano, upon the Plain of the 
Horizon, ſuitable to'any Latitude ; and from thence to 
draw the Hour-Lines, Stile and Sub-Stile, proper toany 
Plain, in their true Places and Poſitions. © 


ALSO 


Upon the Projettion, to expreſs the ſeveral Spherical Triangles from which 
all the Requiſites belonging to any Dzal are to be Calcalated; And 
how to Calculate the fame. 


LIKEWISE, 


How to Meaſure the Sides and Angles of thoſe Triangles 
upon the Projed:on 1t ſelf. 


The fr TRACTATE. 


i. 


_ — 


'£ CHAP. I. 


Of the Lines or Scalesof Natural Sines, Tangents, Secants, 
Half Tangents, and Chords, often mention'd, and made 
uſe of in this Book ; Their conſtruction or making, ſhewing - 
how they are deduced from a Circle or Semicircle ; and from 
thence transferred unto Streight Lines, and ſo may proper- 
ly be termed Circular Scales or Lines. 


Definition.) He Circumference of Circle (be it great or ſmall) is 

$4 divided into 360 equal Parts, called Degrees ; and each 

of thoſe Degrees # again divided (or ſuppoſed ſo to be )into bo MinutesSo that 

a Semi, or Half Circle, contains 180 degrees, and a Quadrant, or Foxrth 
part of a Circle, contains go degrees. 

The Diameter of 4 Circle # a right Line drawn throuoh the Center 


of the Circle , dividing the Circle into Two equal Parts. 


The Semi-Diameter of « Circle, # one half of the Diameter, and is for 
the moſt part called the Radius. —_ 
ratice. 


DIALLING. 16 
$-4ice] Rom theſe Definitions of a Circle and its parts, I proceed Fjoare 
| to ſhew the manner of ProduQtion of the fore-mention'd * 
# ircular Scales or Lines, of Sines, Tangents, &c. there-from. 
; 1. Let there be a Semcircle deſcribed of any Radius whatſoever, 
Iſuppoſe of two Inches, as in the Figure) which Semzcircle let be VRS, 
"hen is VS the Diameter of the Semicircle VRS, and the Perpendi- 
viar raiſcd from the Cexter or middle of the Diameter + R, is the 
Semidiameter of the Circle, which divides the Semrcircle into two Qua- 
rants, viz. ORS, and ©RV. 

2. Divide the two Cuadrants RS and &RY, each of them into 90 
equal parts or Degrees, as in the Figure is done, beginning at V and S, 
and aſcending upwards towards R ; numbring them by 10, 20, 30, &c. 
to90; asthere you may ſee done. 

3. If you draw Right Lines from 10 in the one Quadrant, to 10 in 
the other Quadrant, and from 20 in one, to 20 in the other, and ſo 
upwards, Lyon cometoR ; thoſe Lines 10. 10, 20. 20, &c. will be all , 
of them PSJrallel to the Diameter yS; and will cut or divide the Ra- 
dizs, or Semidiameter Ro, into go unequal Parts or Diviſions; which 
Line (fo unequally divided) is a Lize or Scale of SINES. 

4. Upon the Point S, erect a Perpendicular to VS, namely ST : 
Then, if from the Center ©, you draw Right Lines through every de- 
gree of the Quadrant (as here 1s through every Tenth) you ſhall divide 
the Perpendicular Line ST, into unequal parts, at the points 10, 20, 
30, &c.up to T, and farther if you go on: So ſhall this unequally di- 
vided Line ST, beca TANGENT Line, or Scale: And from the 
beginning thereof at S, to 45 degrees thereof, will be equal to the Radius 
of the Circle, or to the whole Scale of Simes © R. 

5. If from the Center ©, and from every degree of the Quadrant (or 
tenth degree thereof) as here is done, you draw Right Lines to the 
Tangent Line, thoſe Lines ſo drawn ſhall be SECANTS: As the 
Line OET, (drawn from the Cepter © through 60 degrees of the Cua- 
drant RS) 1s the Secant of 60 deg. And the Line drawn from ©, thro? 
50 deg, of the Quadrant, to 5o degrees in the Tangent Line ; that Line 
15 the Secant of 50 deg. And lo of all the Reſt. 

6. Draw the Line VR, and with one foot of your Compaſſes placed 
in V, open the other to 80 deg. in the Qauadrayxt, and transfer that di- 
ſtance of your Compaſles, to the Right Line VR, by drawing of the 
ſmall Arch 80. 80. cutting the Line VR: in 80 deg, the like for 70, 60, 

o, &c. Soſhall the Line VR be unequally divided into go parts, and 
o becomes a Line or Scale of CHORDS. 60 degrees of this Scale 
of Chords, viz. from.V to 60, 1s equal tothe whole Line of Sines; and 
is called The RADIUS of the Line, or Scale of Chords, it being 
equal tg*the Semidiameter of the Circle @ R. 

7. If 45 degrees of the Tangent Line, viz. from S to 45, be divided 
as here it 1s, and 5 deg. be numbered with 10, and 1o with 20, and 20 
with 4o, then will 45 deg. be go deg. and a line fo divided is called a - 
Line or Scale f HALF TANGENTS. N 

Theſe Lines here deſcribed may moſt conveniently, be put upon a 
Ruler of 8 or 12 Inches long, together with ſome other Lzzes, or 
Scales of Equal Parts, Chords to ſeveral Radius's, and ſuch hke; 
which will be a coavenient Inſtrument for any Artiſt to have about him : 


a figure of ſuch a Ruler, with ſuch Scales upon them is graduated 
in Figure II. | 
And 


. 


6t PLAIN 
- Figure, And Note, That. theſe Scales being put upon a ſtraight Raler, as itt 
IL the Figure, they will ſerve to Proje## and Work ſevetal other Con- 
cluſions, however they only ſuit with the particular Radizs to which 
they are made: But if you put them upon a Sefor with a French 
got they will be far mofe convenient for uſe ; for then, they ma 
applied to any Radius, not exceeding the length of the Se&or's 
Legs. ; 
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. CHAP. IL 


How to Project the Sphere in Plano ſuitable fo any Latitude, 
upon the Plain of the Horizon. 


me already made way for. the more orderly proceeding in the 


matter principally intended in this Firſ# Trafate, namely Ds- 

alling deAuced from the Sphere it ſelt, which of all others is 
the moſt Rational and Demonſtrative; the Subje&t of this ſecond Chap- 
ter ſhall beto ſhew how to Projef the Circles of the Sphere upona Plain 
ſuitable to any Latitude or Horizon required. This may be perform 
ſeveral ways; Namely, (1) By help of a Line or Scale of equal Parts 
divided into 10000, of equal length with the Radius or Semidiameter 
of the Primitive Circle you Project upon. (2) By the help only of a 
Scale of Chords of the fame Radius with the Circle you Proje&t 
upon. (3) And beſt of all by the Scales of Sines , Tangents, Secants, 
Flalf Tangents, and Choras; all made to the fame Radias, or Semidia- 
meter w the Circle you projet upon. TI ſhall ſay nothing of the Firit 
of theſe Three ways, becauſe in this Book there are no T ables of Na- 
tural Sines, Tangents, or Secants; nor of the Second, becauſe the 
Lines in many Caſes will extend to almoſt infinite Excurſions, but ſhall 
fatisfie my ſelf, aud the Reader with the Third and Laſt way namely 
by the Lznes or Scales, of Natural Sines, Tangents, Secants, Half Tan- ' 
£*% and Chords, joyntly uſed together ; the making whereot hath 

n already taught in the former Chapter. 'To proceed then, Let 

it be required to Proje## the Sphere ſuitable to the Horizon of London, 
whoſe Latitude is 5x deg. 32 min. | 

Firſt, Open your Compaſſes to the Radius of your Sines, Tangents, 
Secants, Half Tangents, and Chords, which are all of one Radius 
(viz, Two Inches) and with that extent upon the Point Z, asa Center 
deſcribe a Circle, which I call the Fundamental or Primitive Circle, 
and let it repreſent the Horizon of London. ; 

Secondly, Divide this Circle intofour equal parts, by help of the rwo 
Diameters, drawn at right Angles, m_ the line NZS, repreſenting 
the Meridian, and the Line W ZE, enting the Prime Vertical Cir- 
cle, or Azimuth of Ea#t and Weſt. 

Thirdly, Foraſmuch as the Latitude of Lozaoz 1s 51 deg. 32 min. 
take 38 deg. 28 min. (the Complement thereof) our of the Scale of Half 
Tangents, and ſexthem upon the Meridian N Z'S, from Zto P, ſo ſhall 
Pbethe Pole of the World, and the Center where all the Howr-C:rcles 
muſt meet and a Circle drawn which ſhall paſs through the three points 
W, P, E, ſhall be the Howr-Circle of Six. To find the Cents: rn oor 

which 


DIALLING G: 


-which will always- fall in the Meridian Line NZS, extended if need 
hy cake the Secant of 15 deg. 32 min: out of the Scale of Secants, and 
ſet it upon the Meridian from P, it ſhall give you the Point B; Or the 
Tangent of 51 deg. 32 min. ſet upon the Meridian. from Z, ſhall give. 
the fame Point B as before; which Point isthe Center of the Six a Clock 

ircle. | 
ook, In regard that the Equinodial Circle is go deg. diſtant 
from the Pole of the World, and 51 deg. 32 min. diſtant from the Zenith : 
Take 5x deg. 32 min. out of the Scale of Half Tangents, and ſet them 
upon the Meridian from Z. to A, fo ſhall A be a Point in the Meridian, 
through which, and the Points W and E in the Horizoz, the pr gn 
Circle muſt paſs. And to find the Center thereof, the Secant of 38 deg. 
28 min. ſet from A, or the Tangent of-38 deg. 28 min. ſet from Z upon 
the Meridian, will either of them give the Point C for the Center of 
the EquinoRial Circle W AE, 

Fifthly, for the deſcribing of the Howr-Circles, the Point B (before 
found) being the Center of the Howr-Circle of Six : Through that Point 
B, draw a Line at length, as KB K, which muſt be Perpendicular to 
the Meridian N Z.'S, and conſequently Parallel to the*' Prime Vertical 
Circle W ZE, and in drawing this Line true (according to theſe condi- 
tions) .you mult be very careful, for the true drawing of all the other 
HOUR CIRCLES do wholly depend thereon, the Centers of all 
of them heing in this Line. - And for the finding of the Ceprers in this 
Line, "_ muſt. | | ET <p 

Sixthly, Take 45 deg. out of your Tangent Scale, and ſet it from P to 

R upon the Meridian Line, and draw an obſcure Line through R, Paral- 
lel to WE, as the Line R H: Upon this Line, fet the Tangent of x5 
deg. from R to 5,—Alfo the Tangent of 3o deg. tromR to —Tikews 
the Tangent of 45 deg. from R to 3.——TheTangent of 60. deg. from R 
2.——And laſtly, the Tangent of 75 deg. from R to 1. | 

Seventhly, Lay a Ruler trom P to 5, in the Line RH; and it will 
cut the Line BK in the Point V, which Point will be the Center, by 
which to deſcribethe Howr-Circle of Five, for one foot of the Compaſſes 
placed in V, and extended to-P, will deſcribe the Arch 5 P 5, for the 
Howr-Circle of Five. And the diſtance BV, being ſetupon the LineBK; 
on the other ſide of the Meridian, from B to VII, the ſame extent of rhe 
Compaſles as before, one foot being placed in VII; and extended to P, 
will deſcribe the Circular Arch 7 P 7, for the Howr-Circle of Seven — 
And in this manner, if you lay a Ruler from P to.4, in'the LineR H, 
it will cut the Line B K in III, and the Point THI wift be the Center 
whereby to draw the Howr-Circle of Four, viz. The Arch'4 P4.' And 

the diſtance BIIII, being ſet on the other ſide of the Meridian, from B 
to III, ſhall there give you the Center whereby to deſcribe the Circte 
8P8, for the Hour-Circle of Eight.——And in the fame manner, muſt 
you do for the Hour Circles of 3 and 9.—2 and'10.—1 and 11, whoſe 
Cezters will all þe in the Line BK, extended both ways:—And in the 

me manner as the Whole Hours were drawn, ſo may the Halves, and 

Quarters be drawn, by allowing 15 deg. of the Tangent Scale for 
()ne hour, 3o deg. for Two hours, &c.——7 deg. 3o min. for half an 
Hour , and 3 deg. 45 min. for One quarter of an Hour, and ſetting thoſe 
diſtances upon the Line RH, and afterwards transferring them to the 
Line B K, as you ſee done in the ys of the Projedtion ; you ſhall have 


Centers 


PLAIN 
' Centers for the Halves and Quarters of Hours alſo.—And becauſe the 
Centers of thoſe Hour-Circles which come near the Meridian, as the 
Hours of 11 and 1, and the halves and quarters between them and the 
Meridian, falling upon the Line B K will be very remote, and beyond 
the reach of ordinary Compaſſes, therefore for the deſcribing of thern; 
Artificers, and orher Artiſts, have an Inſtrument which they call a 
Bow, by which they draw them with great facility. 


A Synopſes of this Projetion. 


Figure The Primitive Circle N ES W, repreſents the Horizos, ; whoſe Latitude 
IIT. is 51 deg. 32 min. 
Z. 1s the Zenith. 


N Z.S the Meridian. | 
W ZE the Prime Vertical Circle, or Azimuth of Eaſt and Weſt. 


P the Pole of the World, whoſe diſtance from Z is=the half Tangent of 
38 deg. 28 min. the Complement of the Latitude. | 

W AE is the Equinottial, whoſe Diſtance from Z is=the half Tan- .. 

ent of 51 deg. 32 min. ; % 

C the Center of the Equinotial Circle, whoſe diſtance from A is — 
the Secant of 38 deg. 28 min. Or from Z is=the Tangent of 38 deg, 
28 min. the Conaphment of the Latitude, 

Bis the Center of the EquinoQtial Colure or Hour Circle of Six, WPE, 
whoſe diſtance from P 15—theSecant of 51 deg. 32 min. Or fromZ is= 

. the Tangent of 51 deg. 32 min. the Latitude. | 

The: Centers of the Hour-Circles are all found in the Line K B K. ex- 
tended both ways, as 15 ſhewn in the Deſcription. 


- T might have proceeded farther in this Projedtion, by ſhewing how 
to inſcribe the Tropicks, the Parallels of the Signs, or of the Sun's De- 
clination : The Ecliptick, the Circles of Altitude, and Azimuth Lines, 
with others relating to the Swr's ay; but there being no occaſion to 
make uſe of them 1n this place, I ſhall reſerve the manner of inſfertin 
them and others of the like Nature into the Proje#io», becauſe it wi 
be done hereafter, when I ſhall come to ſhew the manner how to in- 
ſcribe thoſe Circles, and others upon Dial-Plains._— Let it ſuffice 
therefore, in this place, that I ſhew how to repreſent and lay down up- 
on the Projettion any Plain upon which a Dia! may be made, and 
how to the Cexters and Poles of ſuch Plains fo deſcribed: And 
alſo to meaſure the Sides and Angles of ſuch Spherical Triangles as are 
upon the Projedion: But firſt, 1t will be requiſite that I give you an 
ACCOUnt 1n > Thort Analyſis 


. 
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CHAP. IM. 


Of the Denominations and Situations of the ſeveral ſorts of 


plains upon which Dials are uſually made. 


D vis, either Parallel, Perpendicalar, or Oblique to 
of the Place 
upon any Plain 
ed upon a plain Saperficies, become Strait Lines. 


Now the Art of Dialling conſiſteth chiefly in the fihdin 


I A L & may be made upon any plain Superficies, and afl plain 
Superficies are poſited in one or other of. thefe three Poſitions, 


the Hoarvzon 


wherein the Plain is ſeated, and all the Hour-Lines drawn 
, are great Circles of the Sphere, which being proje- 


Gut of theſe 


. Lines, and their true diſtances from each other, the which do continu- 


ally vary, according as the Plains upon which 


are deſcri - or 


projeted, are ſituated in reſpe&t of the HORIZON of the Place. 


1x. Parallel to the Horizon, as is the Horizon 


call Vertical) Plain only. - 


Of theſe 
Plains there 
are but 3 
Varieties , 
VIE, 


2. Perpendiculan 
the Horizon,and( which 
ſ\uch areall erectC be 


Plains. 


ither / | 
Or Dechning; 


North 
South 
Eaſt 


vine) 
L3.Reclining from 
the Zemith or and theſe 
Inclining to ' {| areeither \ 
the Horizon. 
| 


v 


Declining & 


: 


tal (which F 


North and South. 
Direct | 
4s JMeridional;or Eaſt 
and Welt, 


Reta. 
In up 


Weſt 


Or 


Reclini 


the 


: Clackmng 


Now in the making of particular Dials, which are 1n avmber 25, 


reduce them to 17, by ſupplyin 
ſite Recliners, as being, indeed N 


; e ſame. 
And toavoid miſtakes, w 


the Inclining Plains from their oppo- 
hich may poſſibly ariſe by comparing my 


Examples with other Authors, or others with mane ; you are to take 


notice, That I denominate all my Plains from the ſight (or 


of their Axis in; the Heavens, and not from the 
which they lie. Therefore. 


the Polit ons) 


Circles of the Sphere 1n 
__ 


Thoſe 


PLAIN 


[ Horizontal * | Vertical | 


North 
Vertical Oired 
South 


Meridian Eaſt 
| EDires 


EquinoQual Weſt 
Polar 
Polar J _EquinoQtial 


— 


| Vertex or Zenith Point. By 
North | 
' >Points of the Hor. 


Becauſe: their Poles do 


| Weſt 
Poles of the World 
| Equinoftial Circle. 


lye in the 


Croint of- the Hor. 


Thoſe Plains which 
moſt Writers call 


— —— 


\ 


Again, All leaning Plains whether direct or declining whoſe upper 
faces behold the Zenith, I call Reclizers, and the neather, or under w 
of them, which reſpe&, or look down to the Nader, I call Incliners. 


This DiſtinQion being made, the Plains, of which the Examples 
following are given, are thus denominated. 


1. Vertical or Horizontal. 
2. South and North dire&:. 
3. Meridian, Or Eaſt and Weſt _— 
4. South -and North, declining or 
Weſt 
Reclining, 
5. Eaſt and Weſt deft or 
Inclining. _ 
6. EquinoQtial, or South Reclining or — to the Pole. 
7. leſs 
X SSouth direft Reclining or Tacking9 | than the Pole. 
| more | 
9. Polar, or North Reclining or Inclining - = EquinoQiial. 
IO. R 
CN orth dire&t Rechning or lacining3 than the Equino&ial. 
II. more 


Reclin: 
I + CEquinoBtalor South Declin, Eaſt orWeſt2 Cto the Pole. 
Inclining 


T3, x above 

CSout Declin. Eaft or Weſt, Reclin. or Inclining : Che Pole. 
I4, under I. 
I5.' Polaror North decl.Eaſt or. Weſt, Recl. orIncl. to the Equator. 
16.9 North _ orWeſt above the interſeQion of the Meri- 
17.3 Reclining or Inclinung 9. 4.0 dianand Equator | 
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CHAP. IV. 
How to deſcribe upon the ProjeQtion,: any Plain mentioned in 


the former Chapter ; and to find the Centers and Poles of 
all ſuch Plains. 


FT "He Plains that I ſhall lay down for Examples upon the Projettion 

in this place, ſhall be ſuch as are treated of in the following Dif- 
courſe : I intended to have laid them all down, but finding the Diagram 
to be incumbered with multiplicity of Circles, Lines, and Letters, T will 
content my ſelf, and fatisfie the Reader, by giving an Example of One 
of each Kzzd, and the rather, becauſe (when I come to delineate and 
draw the Dial from the Projection) the ſame (in effet) will be repeated 


again: "Therefore, 


Irſt, The Horizontal : This Plain upon the Preje#:on is repreſent- Figere 
ed by the Primitive Circle thereof viz. WN E S. The Center 1II. 
and Poles whereof ate in the Point Z the Zezith, which Point is go 
deg. diſtant from the Plain in all places thereof, and 10 mult the Poles 
of all Plains be. | 

2. The Ereit Dirett North and South Plains, are repreſented by the 
Line W Z E; for theſe Plains beholding the dire&t North orSouth Points, 
the Plain it ſelf muſt needs he in the Azimuth of Eft and Weſt, The 
Poles of the Plain are N andS, which Points are removed from the 
Plain go dez. | | 

». The Scuth Erett Plain, Declining to the Weſt 35 deg. To deſcribe 
this P/aiz upon the Projettion, Take 35 deg. our of the Scale of Choras, 
and ſet them from W to 4, and from E to a, (becauſe the Plain declines 
Weitward) and draw the Line 4 Z a, for your declining Plain.——Then 
for the Pole thereof, take go deg. out of the Chord-Lize, and ſet them 
from 4 to b, and from 4 to 6, both ways upon the Primitive Circle, fo 
ſhall 6 6 be the two Poles of the Declining Plain; for a Line drawn 
from 6 tob, would cut the Plain at right Angles in Z, and be eyery 
where go deg. diſtant from the Plain. 

4. The Deredt Weit Plain Reclining 35 deg. Take 35 deg. the Re- 
cl:nation, out of your Scale of Half Tangents, and ſet them from Z toc, 
towards W, (becauſe it is a Welt Plain, or towards E, had it bzenan 
Eaſt Plain) ſo have you three Points, N, c and S, through which to 
draw the Circle N cS, repreſenting your Reclining Plain. Now for 
the Pole of this Plain, Take 55 deg. the Complement of the Reclina- 
tion, out of your Scale of Half T anvepts, and fer it from Z to 4, upon the 
Line Z E; fo ſhall 4 be the Pole of the Plain N c S. And for the Cen- 
ter of it, take the Secant of 55 deg. the Complement of the Reciina-- 
tion, and ſet them from c vpon the Line cE continued, and that ſhall 
give you the Point, upon which to deſcribe the Circle N c 5, repreſent- 
ing your Reclining Plain. 

5. The Dired Souch Plain Reclining 70 deg. may be thus inſerted. 
The Half Tangent of the Reclination 70 deg. tet from Zro f, ſhall give 
the interſection of the Plaiz wich the Meridian : And the Secant of 

d 
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PLAIN 
- deg. (the Complement of the Reclination ) ſet from f to g, ſhall give 
the Center, whereby to deſcribe the Reclining Plain WfE; alſo, The 
Half Tangent of 20 deg. (the Complement ot the Reclization) ſet tromt 
Z to h, ſhall give h, for the Pole of the Plazn, 

This Plain paſſeth between the Pole and the Horizon, 

6. The North diret# Plain, Reclining 70 deg. may be thus inſerted : 
: Take the Half Tangent of the Reclination, 70 deg. and ſet it from Z. to m, 
alſo take the Half Tangent of the Complement theredf, 20 deg, and ſer 
it from Z, to », {o ſhall » be the interſeion of the Plain with the Me- 
ridian, and » the Pole thereof; and the Secarr of the Co-Reclination 
20 deg. ſet from »», ſhall give a Point a little above P (the Pole of the 
World) for the Center, whereby to deſcribe the Reclining Plain 
W mE. 

This Plain paſſeth between the Equinottial and the Horizos, 

7. Wecome now to the lzying down, or deſcribing, ſuch Plains upon 
the Projettion, as do both Decline and Recline ; and for our Example, 
Let us take a South Plain, Declining Eaſtward 3odeg. and Reclining 55 
degrees. — To deſcribe this Plain upon the Projection», ——Take the De- 
clination of the Plain 30 deg. outof a Scale of Chords, and fer it from E 
to D, and from W toG; alſoſet it from N tg 1, and from Sto 2 ; ſo ſhall 
the Line D G repreſent the Baſe of the Reclining Plain and the pricked 
LineI L the Axis thereof; Now the Reclination being 55 deg. the Half 
Tangent thereof ſet from Z tos, gives the point of the Plain, and its 
Complement 35 deg. ſet from Zto ?, gives the Pole of the Plain ; and 
the Secant of 35 deg. (the Co-Reclination) gives the point r, for the Cen- 
ter,ofthe Reclining Plain G 5 D: The which Plain paſſeth between the 
Pole and the Horizon. 

8. The laſt Example ſhall be of a North Declining Reclining Plain, 
vis North, Declining Weſt 60 deg. and Reclining 54. deg. For the de- - 
ſcribing of which Plain upon the Proje#ion; Take 60 deg, the Plain's De- 
clination out of a- Scale of Chords, and ſet it from Eto M, and fromW 
to O and draw the Line M O, for the Baſe of the Reclining Plain : Alſo 
ſet 60 deg. from S to Q, and from N to V, and drawthe pricked Line 
V Q for the Axis of the Reclining Plain. 'The _ and Axis being 
found, Take the Reclination j4 deg. out of the Scale of Half Tangents, 
and ſet it from Z, to =, for the Plain; and its Complement 36 deg. ſet from 
Z to e, will givethe Pole of the Plain, and the Secaxt of the Co-Recli- 
nation 36 deg. being ſet from £, upon the LineQ V, will give the Center 
whereon to deſcribethe Plain Mz O ; the which Plain paſſeth between 
the Equator and Horizon. | 


How the Pole of any Great Circle deſcribed upon the Pro- 
jection may be found. 


Et the pricked Arch O * M be the Arch of a great Circle deſcribed 
upon the Projection : To find its Pole, Draw a Right line from 
the two points where the Arch toucheth the primitive Circle, as 

from the Points O and M, which Line O M (if the Arch be the true 
Archof a great Circle,) will paſs through Z the Center. —From M or 
O, ſet 90 , any to V and Q, and draw the pricked Line V Q cutting the 
deſcribed Arch in the point *. —Thea lay a Ruler from Mro *, and it 
will cut the primitive Circle in x, ſet go deg. from x toz, and a _ 
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laidfrom M to =, will cut the Line V Q in v, ſois v the Pole of the 
Arch of the Great Circle O * M: And in this manner may the Pole of 
the Arch of any Great Circle be found: 


Note here, (becauſe hereafter there will be often occaſion for it) That; 
if the Arch of a Great Circle, whoſe Pole you ſeek, do paſs thro? 
P the Pole of the World, the Pole of that Circle will be in ſome 
part or other of the, AquinoCtal Circle W AB. 


LE 
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How the Sides and Angles of Spherical Triangles are to be 
Meaſured upon the Projettion. 


jeftion are conſtituted divers Spherical Triangles, ſome Right- 

Angled, fore Quadrantal, and others Oblique- Angular. "The 
Sides and Angles of all which, may be meaſured by help of the Scales 
of (Chords and Half Tangents : But to avoid confuſion of Letters in the 
Scheme, I will make choice only of one Right-Angled Triangle, namely, 
M 4 E Right-Angled at E. 


For the Right Angled Triangle M 4 E, 


1. The Side ME, is meaſured by taking the diſtance of ME in your 
Compaſſes, and applying it to a Scale of Chords, fo ſhall you find it to 
contain 60 deg. 

2. The Side dE is meaſured by laying a Ruler to N (the Pole of the 
Circle W Z4E) and the point 4, which Ruler will cut the Primitive 
Circle in $, fo the diſtance 4 E, meaſured upon a Scale of Chords, will 
be found to be 32 deg. 10 min. for the Side dE. 

3. The Szae M4 is meaſured by laying a Ruler upon e (the Pole 
of the Circle M 4 O) and the point d, which Ruler will cut the Primi- 
tive Circle in >, the diſtance a M, meaſured upon the Scale of Chords, 
will give 64 deg. 58 min. for the Side 4 M. 

4. For the Meaſure of the Angle dME, a Ruler laid from M to z 
(a Quadrant from M) will cut the Primitive Circle inP: and the di- 
ſtance P Q meaſured upon a Scale of Chords, ſhall give 36 deg, for the 
Angle d ME. 

5. For the Angle ME, or its Alternate Angle c d O; equal thereun- 
to, lay a Ruler to #, the Pole of the Circle M O, and upon 4d (the An- 
| a point) it will cut the Primitive Circle in A, 'Then ſet go deg. 

roma to Y, and lay a Ruler upon #and y, it will cut the Circle'Mid 
in 7; A Ruler laid from 4 (the Angular point) to 7, will cut the Circle 
in B, and the diſtance B W meaſured upon a Chord, will be found to be 
72 deg. 54 min. for the quantity of the Angle cd, equal to the 
Angle M 4E. | E- 


B: the Interſe&tion of theſe Arches of Great Circles upon the Pro- 
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h | of the Sun's Azimuth, how to find it at any time (the Sun 
FR ſhining) Geometrically,; Inftrumentally, and Arithme- 
" | tically | 


! Hat the Sun's Azimuth is, you are ſhewed in the foregoin 

4 | Introduttion; Our buſineſs here 1s to find it : This Tick 

br: might have been done by the Projection (and that ſhall be 

q! ſhewed hereafter in its due place) but the Scheme being too much in- 
cumbred already, I ſhall ſhew other ways for finding it. As, ; 

Firſt, Geometrically, by help of your Scale of Chords, &c. 

q Secondly, By the Scale of Sines before deſcribed : And, 

| Thidly, By Trigonometrical Calculation. 


© Before the Sun's Azimuth can be found, Three things muſt be given 
or known, V/:z. 

q 1. The Latitade of the Place. 
3 | 2. The Declination of the Sun. 
j 3. The Sun's Altitude: Which is to be obſerved by a Quadrant or 
14, other Inſtrument, ſo often as you have occaſion to hnd the Azimarh ; 
© But the Latitude is alwayes known (or given) and the Declination is 


| (nearly) fixed to the time of the Tear ; and for that end, 1 have inthe 
[+ Introduttion inſertzd two Tables, the one ſhewing the Latitude of the . 
i Cities, Towns, and Principal places ' in England, Scotland, and Ireland, 
vt —— The other of the Sus Declination tor every day 1n the Tear : 
+0 ' The which Tables are ſubſerviect to the Work of this Chapter. 
"ig And now, Havins the Latitude of the Place, The Declination and - 
iN Altitude of the Sun, to find the Azimuth. 
W I. Geometrically by Scale and Compaſs. 
[4 | Aving the Latitude of your Place, and the Declination of the 
" Figure Sun, and the Sun's Altitude given, you may find the Sun's Az#- 
- I. muth. $0 the Latitude of the Place being 51 deg, 32 min. the Decli- 
k nation of 'the Sun 17 deg. 56 min. North , and the Sun's Altitude 
i 35 degrees; the Azimuth may be found Geometrically as fol- 
b- oweth. 

f Firſt, with 60 deg. of your Line of Chords deſcribe the Semicircle 
x ADC, and upon B the Center, erect the Perpendicular B D. 
1k Secondly, Take 51 deg. 32 min. the Latitude of the Place out of 
q your Line of Chords, ſet it from D to E; and draw the Line E B, re- 
4 preſenting the EquinoQtial Circle. | 
ph Thirdly, Out of your Line of Chords take 17 deg, 56 min. the Sun's 
jd Declination, and (becauſe it is Northward) fet that diſtance upwards 
$1 | trom E to F, (but if the Declination had been Southward, you mult have _ 
i ſet it downwards from E to R,) and draw the Line F G parallel to BE, 
I which repreſents the Sun's parallel for that time. | 
F Fourthly, 


| 
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DIAL LING. 
' Fourthly, From your Line of Chords take 3 ; deg. the Sun's Altita 4, 
nd ſet it from- A to H, and-from C to L, and draw the Line HK L for. 
he Line of the Sun's Altitude. | 


Fifthly, Take in your Compaſſes the lengrh of the Line KL, or 
H, and with that diſtance, upon the Center B, deſcribe the Semicircle 


PN. | TED | 

Sixthly, Upon the point O (which is where the parallel of the Sun's 
declination, and the parallel of the Sun's Altitude, interſe& each other) 
re& the Perpendicular O P. x | 

Seventhly, Lay a Ruler from B to P, and it will cut the Circle in Q, 
nd draw the Line PQ: | TRE 46es 

Laſtly, Take the diſtance from C to Q, and meaſuring it upon your 
ine of Chords, you {hall find it to contain 73, deg. 56 min. and (6 
auch is the Sun's Azimuth or his diſtance from the South part of the 

eridian, at the time. of Obſervation, 


II. By the Scale of SINES upon the Ruler. 


Et the Latitude, Sun's Declination, and Altitade, be the ſame as Fjoure 
4 before, viz. Lat. 51 deg. 32 min. Declination 17 deg. 56 min. JT, 
orth, and the Sun's Altitude 35 deg. 
Firſt, With 60 deg. of your Scale of Chords, or go deg, of the Scale 
ff Sines, upon the point £ deſcribe a Semicircle N BS. 
Secondly, Take the Sun's Declination 17 deg, 56 min. from your Scale 
ff Sines, and fet it from the point £, to © (towards N, the Declination 


zeing Northward, or towards S, if it had been Southward). 


Thirdly, Find the Sum and the Difference | Co. Lat. 38 d. 28 m: 
detween the Complement of the Latitude, | Co. Alt. 55 oo 
ind the Complement of the Altitade, the , | 
um of them is 93 deg; 28 min. and. the| The Sum 93 28 
Difference is 16 deg. 32 min. and the|py;o 

omplement of the- Difference is 73 deg. ; 


26 min. Co. Diff. #73 28 


16 72 


Fourthly, Take 3 deg. 28 min. (the exceſs of the Sum above go deg) 
rom your Scale of Sines, and ſet it from the point £ towards S, ach. 


tA.——Alfo take 73 deg. 28 min. from the Scale of Sines, and ſet that 
liſtance from the point ,, towards N, at the point D. 

Fifthly, Take in your Compaſles the diſtance between A and D, and 

r It upon the Semicircle from S to B, and draw the Line N B. 
Sixthly, Take in your Compatles the diſtance between D (the Dife- 
ence) and © (the point of the Sun's Declination) and with that di- 
itance, ſetting one 2 of the Compaſſes upon the Line NS, move it 
gradually along, till the other foot (being turned about) do only touch 
the Line N B, and where the foot of the Compaſſes (upon theſe condi- 
tions) reſteth, fet Z; ſo ſhall the diſtance E Z, meaſured upon the 
Scale of Sines, be found to contain 16 deg. 4 min. And ſuch is the Sun's 
1z:imeth from the Eait or Weſt points of he Horizon. Which be- 
g taken from godeg. leaveth 73 deg. 56 min. for the diſtance ZS, the 
un's Azimuth from the South, = Or, 9go deg. being added thereto, it 


w1ill 
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will give thediftance ZN, namely, '106 deg. 4 min. and ſuch is the 
Sun's Auimath, or diſtance from * Nauk. | 


HI. By Trigonometrical Calculation. 
Et the Latitude, Declination and Altitude be as before, vis. 


" 8 © 


—_—— 


Their Sum—165—32 


The difference between the half Sum : 
and the Complement of the Sun's —, 0—42 

Fo Declination.—. | 

Firſt, You muſt add the Complement of the Latitude, the Comple- 
ment of the Declination, and the Complement of the Sun's Altitude, 
all three into one Sum, and they make 165 deg. 32 min. the half where- 
of is 82 deg. 46 min. and the difference between this half Sum 82 deg, 
46 min. and the Complement of the Sun's Declination 72 deg, 4 min. 
15 10 deg. 42 min. 


Being thus prepared, the Proportion to find the Sun's Azimuth b 
the Table of Sines, will be as followeth. : 


(1) As the Radius, or Sine of go deg. — —10—000000 


is to the Sine Complement of the Altitude 55 d.——9—913 64 
Sois the Sine Complement of the Latitude 38 d. 28. m—9—793832 


to the Sine of 30 deg. 38 min.— in 9—707196 
(2) As the Sine of 3o deg. 38 min _ 9—707196 


is to the Sine of the half Sum $2 d. 46 m. —9—996529 
So is the Sine of the difference 10d. 42 M———9g—268733 


19—26 262 
to this Sine 9—5 58066 
To which add the Radius, or the Sine of go deg... 10—O©00000 


The Sum 1s. :19—558066 
Halfrthis Sum is —9—779033 


Which is the Sine ab d. 58 m. the Complement whereof is 53 d. 

2 m. the double whereof is 106 d. 4 m. which is the Sun's pr nk or 

diſtance from the North part of the Meridian : And this 106 d. 4 m. be- 

ing taken from 108 d. leaveth 73 d. 56 m. for the A1zimath from the 
SOut 


n 
South part of the Meridian. And according to either of theſe ways « 


you may find the Sun's Azimuth, at any time the day, and inany part 
of the World. «ra ' a 


P _—— the. —_ —__—— —_ 7 _ 
—_— 4 
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CHAP. VII 
Of the Declination and Reclination of Plains, and how to 
find their quantities. . Wn 


Hat a_ Declining and Reclining Plain is, we have defined in 

\ y the foregoing Chapter, we now come to ſhew how to find 

the quantity of their Declination or Reclination.——___Now, a 

Detlining Plain is belt repreſented by the ſide Wall of a Charch, Houſe, 

or other upright Exifice or Building, which doth not direQly behold the 
Ee 


true Eff, , North or South points of the Horizon: And a Recli- 
ning Plain is belt repreſented by the Outfide of the Tiling of the Roof of 
a Church, Houſe, Coaping of a Wall, &c. 


Definition 1.] OW, The Reclination of « Plain, Is the quents C4 
| the Arch of that Vertical Circle, which uf 
through the Zenith; axd catteth the Reclining Plain at Right . 


Definition " | HF Declination of 4 Plain, #s the quanti that 

Arch of the AR , which is & 44 be- 

tween the true North or South points, and a Line Fulda 

fo the Plain. Or, 
It is the quaritity of that Arch of the Horizon, which is zntercepred be- 

tween the true Eaſt or Welt points, and the Plain it ſelf. 


I. How to find the Reclination of a Plain. 


Prattice. ET A BCD being the Roofof the Building PLR X, res Figure 
preſent a Reclining Plain, Firſt, Draw thereon an Hori= JI; 
zontal Line as EF,” which you may do by help of an ordinary Level, 
or by applying a Raley to the Plain, and letting One hold the Ruler fo 
to the Plazp, till you find, by the edge of a Quadrant applied to the 
| Rater, the Line and Plummet to fall juſt upon the edge thereof, as in 
the Figere: Then draw a Line by the fide of the Realer, as E F, 
_ that ſhall be the Horizontal Line of the Reclining Plain A B 
D. " 
To this Horizontal! Line E F, draw another, Line Square (or at Right 
Angles) thereunto, as.the Line G H; to which Line apply the fide of 
a Ruler MN, and towards that end which hangeth over the Plain 
as at N, apply the fide of a Quadrant, letting the Plammet hang at 
free liberty, to play by the ſide of the Cuadran,-and when it refteth, 
note what degrees of the Quadrant the Thread falleth.upon, for thoſe 
»agrees are the quantity of the Plains Reclination. ” J 
| 0 


N. To find the Declination of a Plain. 


Figure N taking the Declination of a Plain, Two Obſervations are to be 

II. made by the Sun, both which ought to be done at the ſame mo- 

ment of time, or as neer together as may be ; The Firſt, is to find 

the Horizontal diſtance of the Sun [from the Pole of the Plain : And 

is called the Horizontal Diſtance. The other is the Sun's Altitude, 
thereby to find his Azimuth. 


1: For the Horizontal Diſtance. 


Let POR S be an Upright Plain, whoſe Declination is required: 
Firſt, By help of a Level, or by your Qeadrant, draw an Horizontal 
Lize upon the Plain, as the Line 'T'V, unto which apply one ſide of a 
Quadrant, fo that the Limb of the Quadrant may be towards the Sun ; 
Then holding a Thread and Plummet at full liberty by the Limb's ſide, 
ſo that the ſhadow of the Thread may paſs, both through the Center and 
the Limb of the Quadrant : And obſerve then what number of De- 

rees are cut off by the ſhadow of the Thread, and number them from 
hat ſide of the Quadrant that ſtandeth = (or Perpendicular) 
to the Plain; for thoſe Degrees are the Horizontal Diſtance requi- 
fd. 


2: For the Sun's Altitude. 


At the ſame inſtant of time that you obſerved the Horizontal Di- 
ſtance, the Sun's Altitude ſhould have been obſerved alſo, which could 
not be done but by two Obſervers; wherefore, let them be obſerved 
as neer together as may be. 
To take the Altitude of the Sur, you muſt take the GCuadrant in 
both your hands, laying your right hand ſomewhat neer that ſide that 
hath the Sights, and your left hand towards the other fide, by which 
means you may let it {lip lower, or raiſe it higher, as occaſion requires : 
Then turning the left ſide of your body to the Sun, move the Quadrant 
up or down, till the Sun ſhining through that Si2ht which is next the 
| Center of the Quadrant, do cait his Ray or Beam of Light upon the 

hole of the other S:z2ht, (the Threadand Plummet (all this while) hanging 
at free liberty)-and then look in the Limb of the Caadrant what De- 
grees and parts of a degree, the Threadcutteth ; for thoſe degrees are the 
degrees of the Sun's Altitude at that time, 


q By help of the Sun's Altitude, the Sun's Azimuth may be found. 
— _—- Then by comparing the Suz's Azimuth and the Horizontal 
Diſtance (before found) rogether, the Plains Declination may be 
obtained, by the Rules following. . | 


When you make your Obſervation of the Sun's Horizontal Diſtance ® 
from the Perggndicular of ghe Plain, Mark whether the Shadow of the 


Thread 
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Thread do fall between the South Point of the Horizon, and that fide'sf 
the Quadrant which is Perpendicular to the Plain. For, - © 


Rule T. If the Shadow fall berween them, ' then the Horizontal D:- 
ſtance and Azimuth added together, do make the Declination of the 
Plain: And (in this Caſe) the Declination of the Plain'is towards the 
fame Coaſt whereon the Sun's Azimuth is: That is, 


© If the Obſervation be made in the Forenoon, when the Suh is Eaſt- 
ward of the Meridian, the Plain Declineth Eaftmard : But 
it the Obſervation be made in the Afternoon, when the Sun is Weſt: 
ward of the Meridian, The Plain Declineth Weſterh. , .. ' 


Rule TT. If the Shadow fall not between the South Point, and that 
fide of the Quadrant which is Perpendicular to the Plain, - then. the 
Difference between the Sun's Azimuth and the* Horizontal Dittance is 
the Declination of the Plain: And if the Azimuth be the Greater of. 


the two, then the Plain Declineth to the ſame Coaſt whereon the © 
Sun is, That 15, ah | 


© It Declineth E:ftward if it be in the Forenoon, or Weſtward if in 
the Afternoon, | 0 4 QI vt 


But if the Azimuth be Leſſer than the , Horizontal Diſtance, then the 
Plain declineth to the Coaſt contrary to thac the-Sun is on.i' That is, | 


4 Thie Plain declinerh Wet, if the Obſervation be wade in: the Fore- 
noon : But Eat if in the Afternoon,  .. Rhee 


- 


* 
: 
. 


q And here it is to be further Noted, That the Declination of an 
Plain found by theſe Rules, is alvlys accounted from the; South; 


And that all Dechnations are accounted from the North or 
towards the Ealt or Welt, and muzt never exceed go degrees. 


UI 
4 
; \ 


r. If the number, of degrees of Declination, do exceed 
ſubſtra&t it from 180, and the. reſidue ſhall +be "the Detlir 
Plain from the North. i +. WAN $113 [fl 59:2) $0 Dil 


C5 
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2. If the number of degrees. of Declixatron do jexceed 180, thenthe 
number of degrees above 180, gives,the. P{ajr's, Dechipation.fram rhe! 
North, and it is towards that Colt (either Eaton Weſt) whack is con- 

” traryto the Coaſt upon which the Saz was. at the tune of Obſervation... 


TY YDDYDE TIGER YL PS. No IOLnt 501 {0 on ML, 
 _ For the farther Explanation 'of Rules (Examples -bging more 
fatisfaQory than bare Freeps) 1 | Here, inſere twa. Obſervations 
made upon two ſeveral Plains at the.fame time, viz... 11 464 + ; 


Upon the 23d of Azgift in the Alte, I came to the Plin PQRS, Figure 


and applying my 2#4drant thereto, and holding upa Thread and Plum- ; *T11. 
met by the {ide thereof, I found the Hoxgizontal' Diſtance to be 63 deg. 

equal ro the Angle bac in the Quadrant.—— At the ſame time (as near | 

as I could) I went to the other Plain KLOR, and thereto Iapplied | 


I a ® my 
. » « 
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my Quadrant, as in the Figure, and found the Horizontal Diſtance to 


be 17 deg. In the mean time that I was taking the two Horizonia/ Di- 
ftances, an Aſſiſtant obſerved the Sun's Alrirude, from whence I com- 
puted the Sun's Azinuth, and found the Azimuth to be 68 deg. Eafterly 
of the South. | 

Having theſe Notes of Obſervations, I compute the Declinations as 


followeth : 


Figwe Firſt, For the Plain PQRS. Upon a piece of Paper with 60 deg. 


LY. - 


Figare 


- 


of a Scale of Chords, deſcribe upon the Center o, a Semicircle, 2c 6, 
and becauſe the Horizontal diſtance was 61 deg, ſet 61 deg. upon the Se- 
micircle (the fame way you obſerved the Sun to be) from c to d, and 
draw the Line o ©, for the Line 'of the Sun's Azimuth. Then the 
Sun's Azimuth being 68 deg. Eaſtward of the South, take 68 deg, and 
ſet them from d Southwards to S, and draw the Line oS, for the Me- 
ridian Line, By your Scheme you ſee that the Line of Shadow, 04 ©, 
does not fall between S (the South point) and oc (the fide of the Cua- 
drant which was Perpendicular to the Plain) therefore, by the Se- 
cond Rule, The difference between the Sun's Azimuth and the Horizon- 
tal Diſtance, malt be the Declination of the Plain : Wherefore ſubſtratt 
61 the Hor. diſt. trom 68 the Azimuth; the difference 1s 7 deg. which 
is the Plain's Declination. And by the ſame Second Rale, becauſe the 
Azimuth was greater than the diſtance; the Plain declines to the ſame 
Coaft on' which the Sum was, namely, Ezſtward, it being before Noon. 
And fo it doth appear by the Scheme, for 22 deg. (the Complement of 
68 deg. the Azimuth from the South) being ſer Ex#tward from d, will 
give E the Eaff Point, and the Line oF, will be the Ex# and Weſt 
Line : So that by your Scheme alſo you may ſee that the Plain lies open 
ro the South and the Exfft, and the Har of Declination is the Arch 
Sc, or Eb, either of which are 7 deg. - 


Secondly, For the Plain KLOX. Upon a piece of Paper 
with 60 deg. of the Scale of Chords, upon r as a Center, deſcribe a Se- 
micircle, mp n, and becauſe the Horizontal diſtance was 17 deg, ſet x7 
deg. upog the Semrcirele as you found it to be by Obſervation, from p 
to 4, .drawing the Line r © for the Line of the S«x's Azimuth, then the 
Azimuth being 68 deg. from the South Eafterly, ſet 68 deg. Southerly 
from h to S, and draw rS for the Meridian Lie, and ſet 22 deg, (the 
Complement of the Sun's Azimuth to go) from h towards the Eft, at 
E, and draw the Line 7 E for the Azamuth of Exſt. Now by the 
Scheme you ſee,. that the Line of Shadow falls between the South point 
andr Þ the ſide ofthe' Quidrenr, which was Perpendicular to the Plain ; 
therefore, by the Firſt Rele, the Horizontal diftence and Azimuth ad- 
ded together, do make the Declination of the Plain: Wherefore 
68 the Azimuth and 17 the Horizontal diftence, added, do make 
85 dep. for the Declination of the Plain; and by the ſame firſt Rule, the 
Declination is Eafterly, it being towards the ſame Coaft that the'Sun was 
on: And fo it appears to do by your Scheme alſo, the Plain beholdiag 
the Soarh and the Ezft, The North and Weſt falling behind the Plain. 
And thus have you ſeveral ways to find the Sun's Azimuth, and con- 
ſequently a Meridian Line. But before I conclude this Chapter, 1 will 
ſhew you an exaR and accurate way. 


How 


- 


DIALLING 


How to find a true Meridian Line, in any Latitude, without knowing 

_ Sun's Declination, or finding of his Azimuth : By helpof res 
Shadows caſt by a Gnomon erefted upon an Horizontal Plain; and 
three Altitudes of the Sun taken at the ſame times. | 


In ſome convenient Place.upon an Horizontal Plain (unto which the 
Sun may have free acceſs) erett a Gnzomon (or wyre) of convenient 
h, Perpendicular (or at Right Angles) to the Plain. 
he Plain thus prepared; At any «hree times in the ſame day, 
mark upon the Plain where the Shadows of the Gzomos caſteth; And 
at the ſame three times, take three ſeveral Altitudes of the Sun; which 

ſet down upon each Shadow. wr 
Then through the three Shadows, from the foot of the Gmomon, draw 
three Right Lines of ſufficient length, And, from your Scale of Half- 
T angents, take the Complements of the Sun's Altitudes (as you found 
them to be, at the times you obſcrved the Shadows) and ſet them u 
on their reſpe&tive lines of Shadow, from the foot of the Gnomes : 
ſhall you have three Points upon your Plain, througli which-(by the 
XI Probl. of the Introduttion) deſcribe a Circle. 

Laſtly, A Right Line drawn through the Center of this Circle, and 
the foot of the Grnomor, \{ſhall be a true Meridian Line, 


Note, It matters not whether theſe three Obſervations Le made all of them 
before or after Noon ; or fome before and others after Noog. 


| IS 
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CHAP. VIIL. 


Hyp to know which of the Poles, whether the North of 
South is to be Elevated above any Dial-Plain ; whether 
Dire& or Reclining, or both Reclining and Declining. 


HE Axis or Stile of every Dial lies Parallel to the .Ax5s of the 
World, and therefore the two ends of the Srile of every Dix 
do direQtly reſpe& the two Poles of the World : And'therei 

fore if the Sourh Pole be elevated upon any Dial. Plain, a Dizl made 

on the backſide of that Plain, will have the North Pole "Elevated :' And 


vated above any Plazn; take theſe few 
General Rules. 


I, vu the Horizontal Plain, in North Latitude the North Pots: 'Þiit 
in South Latitude the South Pole is Elevated. p 
2. Upon all Erect Plains, whether Direct or Declining * If the Plain 


lie open to the South, the South Pole is Elevated ; but if it behold the 
North, the North Pole muſt be Elevated. 


2. Upon 


Z1 


hereafter, that no doubt may ariſe concerning which Pole muſt be Ele-< 
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3. Upon all Direft Ea# or Weſt Plains, Reclining (how, far ſoever) 
the North Pole is Elevated ; and upon the Eft and Weſt Incliners, oppoſite 

to them, the South Pole, 

4. Over all North Reclining Plains, (whether Dire# or Declining) 
the North Pole is Elevated ; and over the Inclining Plains, oppoſite to 
them, the South Pole. 

Laſtly, Over all South Reclining Plains, whether Dire# or Declining 
[If the Plain paſs between the Zenith and the Pole] the Axis of theSrile 
muſt have re{pe& to the South Pole; and on the Inclining Plains, 
ſite to them, the North Po/e.——But, [If the Plain Is > bio the Ho- 
rizon. and the Pole] the North Pole ; and on the Incliners oppoſite to 
them, the South Pole, 


CHAP. LX 


To Draw the Hour Lines upon a Vertical (commonly called 
- Horizontal) Plain, 


I. From the ProjeCtion. 


 Figur Irft, Draw a right Line NS, tor the Meridian, and Hour-Line of 
L. 12, and croſs it with another E W, for the Hour-Line of Six, at 
, right Anglesin Z; And upon Z, as a Center deſcribe a Circle 
ENWS, repreſenting the Horizon of London, whoſe Latitude is 51 d. 
32 m. and alſo this D:zal-Plaiv, Within this Circle ay the Sphere 
according to your Latitude, as 1s before taught, then ſhall the ſeveral 
Hour-Circles touching the Plain of the Horizon, give you Points to 
draw the Hour-Lines upon your Dial-Plain by : So that a Rater laid to 
Z, and every of the Points 1, 2, 3, &c. 11. 10. 9, &c. Where the Hour 
Crreles touch the Horizon, if you draw ſtraight Lines thereby, they ſhall 
be the true Hour-Lines for your Vertical (or Horizontal) Dial. 

- For the making of an Horizontal Dial, there is nothing required 
to be known, but the Latitude of the Place, equal to which mult the 
height of the Stile be; wherefore take 51 deg. 32 min. out of your Scale 
of , and ſet them upon the Horizon from S to A, and draw a 
Line Z A for the Srzle. The Szb#ile (upon which the Stile ſtandeth) 
in all Horizontal Dials is the Meridian or Hour Line of 12; and fo is 
the Dial finiſhed. - | = Or 


II. By Trigonometrical Calculation. 


There isnothing required tobe found in this Dial by Calculation, ex- 
cepting the Hour-Diſtances from the Meridian; for which this is the 
Proportion. Abbey Ry 


As the Sine of go deg. | | 
Is to the Sine of the Layſde. | ES 

Soisthe Tangent of each Hour's EquinoQtial Diſtance from the Merid. 
To the Tangent of that Hour's Diſtance upon the Plain. 


W here 


Ines F 


—  ” —_——— ———— 


—_— 
_— — — 


1% = 
F : — 
j : 

- 
# 
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having prepared a Table, and placed the Hours from 
\ drwpoy F inf Calbink and the' Equinotial Diſtances proper to them 
n the Second Column grin 15 deg, to one Hour, 3o deg. to 2 
ours, &c.) as you fee here done, then work your Proportion as 
plloweth. 


As the Radius go deg; 10.000000 


\ ToSine of the Latitude 51 deg. 32min. 9.89 544 
Sothe Tang, of 15 deg. the pris Pur's Equi. Diſtance. 9.425052 


To Tang, of 11* 51' the firſt Ho. Diſt, onthe Plain, 9321596 


by And = _ for eve - yok 
vinoRial| Hour Di- | Eun DCce,you _ 
Hours from Diſtances. ſtances on duce fuch Hour-Diſtances as you 
wy the Plain. | find in the third Column of the Ta- 
. M. | D. M. | ble. Which Diſtances being taken 
—— | out of a: Line of Chords,and ſet upon * 
the Plain from 'S, will give the 
Points 1, 2, 3, &c. 11, 10, 9, &c. as 
before ; for between Sand 11 or 1, 
you ſhall find 11 deg. 51 min. from 
to 10 Or 2, 24deg, 19 min. &c. 
And thus have you two ways, 
. viz, A Geometrical or Projettrve 
way, and an Arithmetical or Cal= ' 


wlatory way to make your Dial, demonſtrating one another. And in 
is order I ſhall proceed in all other Plains. 


— _—_ 


CHAP. X 


How to Deſcribe the Hour-Lines upon an Eret(t Dire&t South 
or North Plain. | 


I. By the ProjeRion. 


Aving drawn a right Line NS for the Meridien or Line of 12, F;z,r 
and another at right Angles thereto, as E W for the Horizon= fx. 
tal Line of the Plain, crofſing each other in the point Z. Up- 

0n Z as a Center, deſcribe a Circle N ES W, repreſenting the Horz- 

2# of London, and therein Projet# the Sphere. Which done, your 
next work will be, to draw a line upon your Projetion, which ſhall 
repreſent your Plain, [4nd here Note, That a upright Plains are repre- 
ented upon the ProjeRion by ffreig ht Lines.) Now an Ere& Dire& Plain, 
which beholdeth the South, muſt needs lie in the Azimuth Circle of 


Eaſt and Weſt; therefore, a right Line drawn from Eto W, ſhall re- 
reſent your Plain. 


K ' Having 


34 


* ſtead of Latitude, uſe Co-Latitude, | 6 90 C © 
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Having drawn your P/aiz upon the Projef:0z,, your firſt work will 
be to find the Pole thereof: And here you are. to Note, That [The - 
Pole of every Dirett Plain, whether Exect or Reclining, .#s removed go 
deg, from the Plain it ſelf; and that every Plain hath two Poles, and 4 
Line being drawn from one to the other, will cat the Plain at Right Angles] 
Now this Plain E W, lying in the Azimuth of Eaſt and Weſt, the 
Poles thereof muſt lie in the Azimuth of North and South; fo that 
N is the Pole of the North face of this Plain, and S of the South Face, 
either of which Poles are removed go deg. from the Plain ; and a Line 
drawn from one Pole to the other, will cut the P/a/z at Right Angles 
ih Z, | Fn 

The next thing to be found is the Elevation of the Pole of the World 
above the Plain, Now [The Elevation of the Pple above all direct Plains, 
is an Arch of the Meridian intercepted between the Pole and the Plain, and 
never exceedeth go deg.) Now P, the Pole of the World, is elevated 
above this Plain E W, the quantity of the Arch of the- Meridian ZP. 
To find the quantity whereat, ” Take the diſtance Z Þ in your Com- 
paſſes, and meaſure it upon your Scale of Half Tanvents, and you ſhall 
find it to contain 38 deg. 28 min, equal to the Cbmplement of the La- 
titude, and fo it ought to be. = Or, it you have not a Scale of Half 
T angents, you may find it thus: Lay a Ruler to Eand P, it will cur 
the Circle in a, the diſtance between W and 4, meaſured upon the 


_ Chords, will be found 38 deg. 28 min. as before. 


The Third thing to be found is the Hour-diſtances upon the Plain: 
To do which, 

Lay a Ruler to N (the Pole of the Plain) and to the ſeveral Points 
I, 2,3, &c.11, 10, 9,0. where the hour-Circlesof the Projettion do cut 
the Plain, and where the Ruler cuts the Primitive Circle, make ſmall 
marks, or ***, So Lines drawn from the Center Z, through thoſe 
marks or ***, ſhall be the true Hoar-lines upon your Dial Plain. | 

The height of the Pole above the Plain being tound to.be 38 d. 28 m. 
take thoſe degrees trom a Scale of Chords, and ſer them from S to B, 
and draw a Line Z. B for the Sz:le, which mult {ſtand upon the Meridian, 
and on the South face muſt point downwards to the Soxth Pole, and 
on the North face upwards to the North Pole: as in Fig, IT, 1. 


: II. By Trigonometrical Calculation, 


There is no more of Calculation in this Dial, than there was in the 


Horizontal, namely the Hour-di- — — CA) Hon 
ſtances upon the Plain: For in theſe |, nces on þ- 
dire& North and South Dials, the |" the Plain. 


Complement ofthe Latitude isever- 5. MID :M 
more the height of the Pole above |——-——— / 

the Plain, as appears by the Proje- |. '12 { © © 
&tion : Wheretore, preparea Table | 1 15 


; 2 
(as in the former Dial) and then | 10 2 | 3o © 45 
the Analogie'or Proportion for the 9 43. 0 3 ; 

42 


Hour-diſtances will be this, little 8 4 | 60 
diftering from the former, only 1n- 7 75 


90. 
| As 


hd 


DIALLING. Th 


As the Radius o deg. | O 10.0000 
To the Co-Sine of a Latitude (or heighth of _ : 
Pole above rhe Plain) 38 deg. 28 min. nr M7 PISS 


So is the Tang, of 15 d. the firſt Hour's Equ. dit. 9.42 $08 


'Tog d. 28 m. the firſt Hours diſtance upon the Plain. 9.221 88 


: 


For the North Dial 


* x. Upon the Dial Plain,, draw an obſcure down-right Line NS, re- x;,,,, 
preſenting the Meridian, or 12a Clock at Midnight. — About the mid- f5x. 
dle thereof, as at Z,. draw a right Line perpendicular thereunto, as the 
Line E ZW for the Hour-line of VL. | 

2. With 60 deg of your Chord deſcribe upon the Center Z, the Cir- 
cle ENWS, and taking 38 deg. 3o min. out. of the Line of Chords, 
ſet them from N to A, and draw the Line Z A for the S:ile of your 
Daal. | | 

Now becauſe this Dial looketh towards the North part of the Meri- 

dian, to which in theſe middle Latirudes without the Tropicks, the 
San never cometh, therefore muſt the Hours about Midnight be 
omitted, as 9, 10, 11 and 12 at Night, and 1, 2and 3 inthe Morn- 
ing :, So that this Dza/ is capable only-of the Hours of 4, 5, 6, 7, 
ard 8 in the Morning, and of 4, 5, 6, 7, and 8 in the Evening, 
3. Lay the former Table made for the South Dial before you, and 
there you ſhall find the Hour-diftances of VIII and IV of the Clock, 
are diſtant from the Meridian 47 dege 8 min. Take 47 deg. 8 min. from 
your Chord, and ſet them from N to 8, and from N to 4, aud alfo 
from Sto 8, and from S to 4. Alſo ſeeing that the Hour-diſtances of 
VII and V are different from the Meridian 66 deg. 42 min. take them 
alfo out of your Line of Chords, and ſet them from N to 7, and from 
N tos, and alſo from S to 7, and from S to 5. | 

Laftly, The Stile of rhe Dial muſt make an Angle of 38 deg. 28 min. 
equal to the Complement of the Latifude, and muſt ſtand upon the ob- 
ſcure Hour-line of 12 at Night, and muſt point upwards towards the 
North Pole, as the South Dials did downwards towardsthe South Pole. 
And ſo have you finiſhed your Dial. | | 


CHAP. XE 


To deſcribe Hout Lines, upon an Ere& Dire& Eaſt of Weſt 
Plain. HEEL 


S an EreQ Dire& North or South. Plain, lies.in the Azimuth 
A Circle of Eaſt and We#t, and is repreſented upon the ' Proje« 
_ tion by the Line E W, Fig. II. the Poles whereof were N and S; 
So an Erect Direct Eaſt or Weſt Plain, lies-in the Azimuth Circle 6f 
North and South; and fothe Plains repreſented upon the Projettion by 
the Line NS; and the Poles of thoſe Plains are E and W. 


Now 


36 


PLAIN 
Now the Line N'S, repreſenting the Plain, paſſeth dire&ly through 
P, the Pole of the World ; and therefore the Pole hath no Hlevativn 


above theſe Plains, and conſequently the Dzal will have no Center, but 
| all the Hour-Lines will be Parallel one to the other : and theſe Dials 
may be drawn according to theſe following DireCtions. 


The Geometrical C onſtruFion of theſe Dials. 


Let ABCD be a Dial Plain, upon which you would draw an Eft 
or W of Dire&t Dial. ; 

1. Upon the point C, at one lowertnoſt corner, if it be an Eft Dial ; 
or upon the point D at the other lowermoſt corner, if it be a Weſt Dial, 
with 60 deg. of your Line of Chords, deſcribe an obſcure Arch of a 
Circle E F: Then from the ſame Line of Chords, take 38 deg. 28 min. 
the Complement of the Latitude of the Place (which is.alfo the Ele- 
vation of the EquinoCtial above the Horizon) and ſet that diſtance 
upon the Arch from Eto F, and draw the Line, CF quite through the 
Plain, which Line ſhall repreſent the EquinoCtial Circle. 

2. That you may the better proportion your Stile to your Plain, and 
that all the Hours may come on, and be at a convenient diſtance one 
from another, aſſume two points in the EquinoCtial Line, one towards 
the end C, for the Hour of 11 in the Eaft Dial (or of 1 in the We 


- Dial) as the point G, and another towards the other end thereof, for 


the Hour of 6, as the point H; and through theſe two points G and 
H, draw two Lines at right Angles to the EquinoQtial Line, for the 
Hour-Lines of XI and VI a Clock. | 
. Upon the point G with 60 deg of the Line of Chords deſcribe an 
obſcure Arch of a Circle (below: the EquinoQual Line) as IK, ſetting 
thereon 15 deg, of your Line of Chords, from I to K, and draw the ob- 
ſcure Line GK extending it till it cut the Hour-Lineot VI in the point 
L ; fo ſhall the diſtance LHobe the heighth of the perpendicular Stile, 
proportioned to this Plain. 

4. Open your Compaſſes to 60 d. of your Line of Chords, and ſetting 
one foot in the point L'; with the other deſcribe an obſcure. Arch of a 
Circle MN ; between the Hour-Line of VI and the Line G L. 

5. Divide the Arch MN into five equal parts (which 15 d. of your 
Line of Chords will do) at the points © ©@©0, and lay a Ruler trom 
L, to each of theſe points ©0©©0, and the Ruler ſhall cut the Equi- 
noQial Line C H in the points ***#, through which points draw right 
Lines parallel to the Hour-line of VT, as the Lines VII * VII, V 
* VIII, IX * IX, .X * X, and they ſhall be the true Hour-lines of an 
Eaſt Plain, from Six in the Morning to Eleven before Noon. 

6. For the Hour-lines before VI, namely of IV and V inthe Morning, 

ou ma them on by transferring the fame Diſtances upon the 

uinoctial line before VI, as there is between VI, and the Hour-lines 

of VII and VIII after VI, and through thoſe points draw Lines parallel 

to the Hour-line of VI, and they be the Hour-lines of IV and V in 
the Morning. "x4 

7. For the Stile of theſe Eaſt or Weſt Dials, it may be cither a ſtreigh 
Pin or Wire pointed, of the juſt length of the line H L, fixed in the 
point H, or ſome other part of the line of VI, perpendicularly to the 
Plain, which will ſhew the true hour only by the ſhadow of the-very 


thereof, 45 in the Weſt Dial, _ ure-.,——Or, (which is better} 
' - be a Plate of Braſsor Iron, the ſame breadth 25s the dil ' 
tween the Hour-lines of VI and IX upon the EquinoQtial, as jn the 

iſt Dial, Figure IV ; which Plate muſt be ſet perpatyionhely upon the 
Hour-line of VL which ſhall ſhew the Hour by the ſhadow of the upper 
doe thereof: and fo is your Dial finiſhed: EEE: Og 

L It you would inſert the halvesand quarters of hours into theſe, Dials, 

you may caſily effe& it, by dividing each ſpace betwern © and ©, on 
ze Arch MN, into four equal parts and-fo transferring them to-the 
ZquinoQtial Circle, as you did the whole hours; All which may be 
plainly ſeen in Figure V. _ Or red belt "9k 
In the making of this Dial you have made two Dials, namely a Weſt 
Dial as well as an Eaſt, for it 15 the ſame in all reſpeRts as to the Honr. 
diſtances and hejgat of the 'Stile ——Only whereas the Arch BF in 
the Eait Dial (through which the EquinoCtial pafſeth) - was deſcribed 
on the Right-hand of the Plain, 'upon the Center C: In the Weſt Dial 
it muſt be deſcribed on the Left-hand, upon the Center 'D: And the 
Hour-lines of IV, V, VI, VII, VIH, TX;X, and XI 1n the Forenoon, on 
the Eaſt Dial; muſt be VIII, VII, VI, V, IV, II, HI, and/T in the Aﬀer. 
noon, on the Welſt-Dial: as the Figures IV and V do evidence. | - 
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CHA ÞP. XIL 


How to draw the Hour-Lines u pon an Erect North or South 
Plain declining Eaft 'or Welt. 7 -; 


I. By Proje&tionl, 


UR Example ſhall be of an Upright Plain, declining from the 
() South Weſtward 3o degrees. Wikio © Th xa 5 


upon Z, deſcribe a Circle ABC D,—— Then from C, toy Z 
cauſe the Plain declineth Weſtward, or fromC towards A, if ithad de- 
clined Eaſtward). ſet 3o deg. the agrg/ 5c your Plain, from' C to \ 


an of the Place, upon 


taught, nh 
Secondly, Your Projettion being finiſhed, AB being the Line repre- 
ſenting the Plain, the points C and D are the Poles thereof, they he 


from 


whoſe Center will always fall in the Line of the Plain A B | 
tended: This Circle is an Arch of a Meridian or  Hour-Cirtle, pat 
through” P the Pole of the World, and Cand D the Poles of the Plain, 
and cutteth rhe. Plain AB at Right Angles in R, 'and' is, therefore 
called the Meridian'of the Plain, The Pole of this Circle nuſt next 


L be 
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PLAIN 

be found, and that may be done in this manner. Lay a Ruler from 
toR, it will cut the Primitive Circle in «, then take always ns deg. of 
your Chord (becauſe, the Poles of all Great Circles of the Sphere are 

. dep. diſtant from the Circles themſelves) and ſet them from a to e, and if 
you lay a Ruler from D to e, it will cut the Line of the Plaiz in Q, 
is Q the Pole of the Circle CRD. fo 
rdly, The Sphere being projefted, and the Lines and Circles te. 
Jating to this Plain drawn upon the Projet#;on: 'There are Three thing 
to be found before you can draw the Hour-lines : And thoſe three thing; 
are all compriſed in the little Spherical Triangle P Z R : Thethree thing 
to be found, are | 


1. The Height of the Pole above the Plain, Repreſented in the Tri. 
axzte by the fide P R, the quantity whereof may thus be found. 
——— Lay a Ruler upon Q (the Pole of the Circle CR D) andP, 
the Pole of the World, it will cut the Circle in kh, 'and the Arch 
Bh meaſured upon a Scale of Chords, will be found to be 32 deg, 

6 min. and ſo much is the Pole of the World elevated above the 
lain A B. / (1; 

. The ſecond thing to be found, is the Defleion, or the Sabftile'; 
dittance from the Meridian of the Place, repreſented in the Triangle 
by the {ide ZR, and may thus be ftound.- Lay a Ruler upon 
D, the Pole of the Plain AB, and R ; it will cut the Circle in 4; the 
diſtance « C meaſured upon the Chords will give 21 deg. 4o min, 
for the ſide Z R, which.s the Subſtiles diſtance from the Meridian; 
Or, The Line ZR meaſured upon the Scale of Half Tangents, 

- will give 21 deg 4o min. alſo. 4 | 

3. The third thing to be found is, The'Plazn's difference of Longitude : 
Or, The Anole between the Meridian of the Place N Z.S, and the Me- 
ridzan of the Plain C RD, and isrepreſented in the Triangle by the 
Angle ZPR: thequantity whereof may be thus found. _— Lay 
a Ruler upon P, the Pole of the World, and Y, the Point where 
the Circle CR D croſſeth the EquinoQial, and jt will cut the Pri- 
mitive Circle in k, the diſtance S k meaſured on a Scale of Chords, 

- will give 35 deg. 26 min. for the Plains Difference of Longitude. 


And now for the drawing of the Hour-lines ; Lay a Ruler to C, and 
to the ſeveral Points 9, 10, 11, and 1, 2, 3, 4, &c. where the Hoar-Cir- 
cles croſs the Line of the Plain AB, and where the Kuler crofſeth the 
Primitive Circle, make ſmall marks or ** #, and Lines drawn from 

_ the Center Z, through thoſe marks or * * ®, ſhall be the true Howr-Lixes 
belonging to the Declining Plain. | 

A laid from C to-R, will givethe Point L, whereby todraw 
the Subſtilar Line Z L; and 32 deg. 38 min. ſet from L to F, will give 
the Point whereby to draw the Stile Z F. And fo is yaur Dial Finiſhed. 

From this South Plain declining Welt, a South Djal is alſo made de- 
clining Eaft 3o deg. turning from the Eaſt fide to the Weſt fide, and the 
contrary : fo, Fa? the names of the Hours, by calling x x One, 
10 Two, 9 Three, &c. allo x Eleven, 2 Ten, &c. the Forenoon-Hours 
in the Welt Dial, being the Afternoon-Hours in the Eaft, and the con- 
trary: An Example of a North Dial decliging Eaſtwaxd 45 deg. you 
have in Figure YII. 

yu. By 


mention” ome} Rogen btes, VIZ. 
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DIALLING 


I. By Tri oonometrical Calculation. 


har” draw the Dial, youare to find out the three fore- 
1.) The height of the Pale above ” Plair. 
ion, or Subſtilf's diſtance from the Meridian. (3.) {Ty 
of Longitude : All which are parts.of the 
Angled at R:——In which there is given, a) The 
23 min. | to the Complement- of the Latitude of 
The An nglc ePZR, the Complanene of the Plain”s De- 
( 3) The Right Angle at R. And by theſe Ter gp 


2.) The Deflei? 
Pluin s differewce 


2 PR 2 git 


dePZ 38 
the Place. (2. 
clination 6o deg. 
given, you may 


I. The Height of the Pole or Stile he the Plain 


As the Sine of go deg... 


Is to the Sine Complement of the Lar. 38 a 28 min-——9.793 
So is the Sine Conmpletient of the Plain's Deckn. 6o deg.——9. mn 


To the Sine of 32 deg. 36 min. 


Which 32 deg. 36 min. is the h_ of the Poke or © Stile, above the 
Plain. 


II. The Diſtance of the Subſtile from the Meridia. 
As the Sine of go deg... 


» 


—19.00000 


——— — — —_— —_— * 


—+—1 0.00000 


———_@r 


— —}——_——— lO 


Is to the Sine of the Plain's Declination 30 A ET 


So is the Tangent of the Complement of the K's 
Latirnde of the Place 38 &. ab m = Ont 
To the Tangent of 21 deg, 4o min... ; -9.59905 


Which 23 deg. 4o min. is che diſtance of he Subſtle from the Me: 


ridian. 


HI. The Plain's Difference of Lingitade. Y 
As the Sine Complement ofthe Latitude 38 deg. 28 bin ——27996 3 


Is to the Sine of go d -I 0.00000 
So is the Sine of the Su ile's diftance from end 
the Meridian 21 deg. 40 Mille —w—— " 9-5973 
To the Sine of 36 deg. 25 Mil ————_——_— —977353 


Which 36 deg, 25 min. is the Plain's differenco of Longitude. 


PLAIN. 


Fromthe Plain's difference [7 Tible of The Hour-dilances of « I 
of Longitude thus found, al I;u1 declining either to the Exft or Weſt 
15 deg. of the Equi- 


lowin "os 2 gy - of 
noQtial for one Hour, and [5:h....pruderog 
one 


ree for four minutes titude of the Place gid. 32 m4 


of time, it will follow, that 1:0 of $abſtileand Merid. 21 - 
the Subſtile of the Dial |zcipht of the Stile 32 —36 
(which is the. Meridian of [plain's differ. of Longitude 36 25 


the Plain) muſt = (orrwhp 
the Hour-Lines of 2 and3 | qq [rx ; jo 
| of the Clock in the After- fethe | ences ot | Lions.” 

noon, becauſe the Plain de- SARA [the Equi-l Recces:on 
clineth Weſtward: For the S [noftal the Plas 
Plain's difference of Longi- > £ ; __— 
tude falling between 3o and _ 'T a 
45 deg. (namely between —___|2: _M]D- M. 
- the ſecond and third Hour*s [y VII | 68 35153 


—_ 


uinoQtial diſtance ): there | * VI 5 ; 35] 36 : 
will be.two compleat Hours, [VII V|3 35] 23 I 
and 6 deg. 25 min, more. [YTII IV | 23 35113 I 
Wherefore, make a Table of [1x II18 35] 4 '36 
the Hours fit for the Plain, Subſtile. 
as is here repreſented to the [x II | 6 25] 3 28 
Eye: In which, againſt the [x7 T|21 25|11 5 
Hour of XII, ſet the Plain's XII 36 25|21 41 
difference of Longitude 36” jo. XI| 51 25134 03 
deg. 25 min. from which 17 X|[66 @25h51 oc 
- fubſtratt 15 deg. and there - [111 IX|8t1 25174 21] 


will remain 21 deg. 25min, | 
which ſe againſt the Hour of XI and I, and from 21 deg. 25 min. ſub- 
ſtract x5 2 and there will remain 6 deg 25 min. which et againſt 
the Hour of X and II; and (becauſe it 1s lefsthan 15 deg.) write the 
word Subſtile, and ſubſtrat 6 deg. 25 min.. from 15 d ©, then will 
there remain 8 deg. 35 min, which ſet above the word Subſtile, againſt 
the hours of IX and-III, which, by the contiqual addition of 15 deg. 
will give you the Equinotial Hour-diſtances of each Hour, as in the 
Table. Which Table being made, the next thing will be 


IV. To find the Angle that each Hour maketh with the Subſtile. 
And. for the finding of thoſe Angles, this is the Proportion. 


As the Sine of 90 deg.— _ I 0—00000 
Is to the Sine of the height of the Pole above 
the Plain 32 deg. 36 <A | ad pts Mb bo 
Sols the Tangent of the EquinoCtial diſtance of 4 —0oet0 
the next hour tothe Subſtile; viz. 6d. 25 m. ſ" | ane 
To the Tangent of 3 deg. 28 min. - 8—78241 


Which 3 deg. 28 min. is the diſtance of the Ten or Two a Clock Hour- 
lines from the Subſtile. So again. 


As 


4 489- oo agen Ts. 


DIALLING. 


As the Sine of go deg; _ — I0—00000 


To the Sine of the Stile's height 32 deg. 36 min———9—73140 
So the Tang, of the next Equin. dit. 21 deg. 25 mit,——9g—593 54 
To the Tangent of 11 deg, 56 min. ——}494 


Which 11 deg, 56 min. 1s the Diſtance of the Hour-Lines of Eleven or 
One of the Clock from the Subſtile. And: fo of all the reſt; as in the 
Table: Which being meaſured upon the Primitive Circle by help of a 
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Scale of Chords, will be found the fame as where the Hour-Circles of - 


the Projetion did cut the Primitive Circle:. 


CHAP. XIIL 


# % 
_—— —_— 4 Ve YI 


How to draw Hour-Lines upon a South or North-Plain, which 


declines many Degrees towards the Eaſt or Wet. 


F a Plain ſhall be found to decline many Degrees from the North or 
South towards either Eaſt or Weſt ; as, above '66 dep. Although 
the Requiſites ray be found, and the Dial inade in all-refpeRs: as 

the former Dia was in the laſt Chapter, yet by reaſoh that the Pole of 
the World, will have but ſmall Elevation above ſuch a Plain, ther Hour- 
Lines will fall ſo cloſe one to another, that there will be: no.competent 
diſtance between them, till they be. extended very far from the Center : 
And therefore, it was the way of the Ancients, to draw the Dial upon 
a large Floor, and exterld the How#'lines,' Stile and Subſtile,' tt a' great 
length, that ſo the Hodr-lines might be of a convenient diſtance; 'and 
then to cut the Dial off, Stile and all, and fo transfer. it to the Plain; But 
this being too Mechanical, T will here ſhew a more artificial way how 
to draw ſuch a Dial Geometrieally,' by help of a Line of Chords'only, | ha- 
ving no regard to the Genree'0t the Dial: And, - i 


K I. By Trigonometrical Calculation” - © 
You muſt find the Regquiſites N amely, (x a The beghs "of the Pole, 
or Stile, above the Plain. (2) The diſtance of tht Subſtile from the Meri- 
dian. (3.) The Plains difference of Longitude.'- All which may be found 
by the foregoing Azaloszes, or Proportions. F.f | 


Suppoſe therefore, An Upright Plain; in the Latitude of 5x deg, 
32 min. ſhould decline from the South, Eajhward 85 deg. }+t 114/41! 


As the Radius go deg ———————————1000000 
To the Co-Sine of the Latitude'38 feg. 28 min.—— 209% 
So is the Co-Sine of the Plajz*s declination 5 deg.——— ——8—94029 


To the Sine of 3 deg, 6 min. the height of the Pole or Stile--8—73413 
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PLAIN 


HL. For the Subſtile's Diſtance from the Meridian. 
As the Radius go deg—— — 0 


To the Sine of the Declination 85 deg. ——— —9—99334 
So is the Co-Tangent of the Latitude 38 deg. 28 min.—9—gooo 


IO” —O0000 


To the Tangent of 38 deg. 22 min.—-- 9—8 "pi 
For the Deflation, or the Swbſtile's diſtance from the Meridias, , 


III. For the Plain's Difference of Longitude. 


As the Sine of the Latitude 51 deg. 32 min.———-—g—89374 
Is to the Radius go deg. —————-————1o—o0000 
So is the Tangent of the Declination 85 deg. ————11—; 804 
To the Tangent of 86 deg. 5 min. tin 11—164J0 


Which is the Plaiz's Difference of Longitude. 


of a Table for the Hour-Diſtances, in all reſpeQts as in the laſt Chap- 
ter: By firſt ſetting down the Hours proper for the Plain in Order, ,as 
in this Table: And _ XII, ſer the Difference of Longirude 86 
deg. 5 min. from which ſubſtraCt x5 deg and there will remain 71 deg. 
5. min. which ſet againſt XI and I. Alſo from 71 deg, 5 min. ſubſtra 
15 deg. the remainer will be 56 deg. 5 min. which ſet againſt X and 
IT; and fo by the continual Subſtrattion of 1 5 deg. you ſhall find 11 deg.9 
min.to ftand againſt VII and V, under which write The Subſtile's Place, 
and then 11 deg, 5 min. being ſubtracted from 15 deg. there will remain 
3 deg. 55 min. which ſet under The Sabſtiles Place, againſt VI; and 
then by the continual addition of 15 deg. thereto, you ſhall have ſuch 
EquinoQtial Diſtances, as the ſecond Column of the Table affordeth : 
And then for the true Hour-diſtances upon the Plain, fay 


Theſe Requiſte being thus found, you pets a to the making 


As the Radius go deg. _ — ——-I0—00000 
| To the Sine of the Stile's height 3 deg. 6 mig, — 


So is the Tangent of 86 deg. 5 min. the Equi- 
noQial diſtance of XIL——. vi 


To the Tangent of 33 deg. 23 min. 


8—73302 
— I—16453 


9—89755 
Which isthediftance of XII a Clock from theSubſtile,upoa the Plain; 


And ſo proceeding with the reſt of the EquinoCtial Diſtances, you ſhall 
exhibit fuch Numbers as the Third Column affordeth. 


BN 5 
. South Declin. Weſt ———$z—o0 
© Diſtance Subſttile and Meridian 39 —22 
Height of the Stile— — 3Z—o06 
Plain's difference of Longitude $6—05 
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DIALLING. OY 


oy  Equinottial [Hour-diſt. By this Table you may ſee 
| Hours | Diſtances the Plai ory that the Hour-diftances a- 
| Eaſt Weſt [D. MJD. -M. bo PN (din 
mm a— £eX- 
XII 86 5138 23] tream Hour of XIT) do fall 
XI M7. 5] 8 55] ſo near together, that with. 
X IIll56 5| 4 36 out an infinite extention of 
IX Ilan 5| 2 42 them, there will be no com- 
VII Ivjz6 S| 1 31] petent Diſtance between 
VII VIi1 5} © 39 Hour-hine and Hour-line ; 
The Subſtiles Place wherefore, _— aſide your 
MR. ; 551 © 13] Tabk, _ proceed- to o_—_ 
[V VIIl: = 55] 1 4] your Dial Geometrically, 
Iv vill; 55} 2 ., #6. according tothele following 


T | * DireQons. | 
The Geometrical Projeftion of this (or the like) Dial. 


1. Draw aright-ling A B perpendicular to one fide of your Plain, and Figere 
towards .the Right-Rand, becauſe the Plain declineth  Exftward; and VIIL 
with 6v deg. of your Line of Chords, deſcribe an obſcure Arch of a 
Circle CDE, and upon it (trom C to D) fer off 38 deg. 23 min. the 
Sabſtile's diſtance from the Meridian, and draw the Line AD for the 
Sebſtile, quite through the Plain, | | 

2. Out of your Line of Chords take 3 deg. 6 min. the of the 
Stile, and ſet them upon the former Arch from D to Bj and'draw the 
Line A E for the Srile. 

3- Now (becauſe the S:le is but of ſmall Elevation, viz. but 3d 
6 min.) draw another Line (as G H) parallel to the Line of the ST, 
A E,: at ſuch convenient diſtance as you ſhall thiak fit; which ſhallþe 
your nted Stile, 3D JETT af 
-4. Aſſume any two Points in the Subftilar Line AD, at ſome conve- 
nient diſtance each from other, as R and S,. and through thoſe rwio 
Points draw two infinite Right-lines, both of them at Right Angles to 
the Subſtilar Line AD, as the Lines ZZ, and XX... BUREN 

5. From the Point R, with your Compaſſes take the neareſt diſtance 
to the new oy Stile G H, and ſer that: diſtance upon the Swbſts- 
lar Lixe from R to K.——Alfo, from the Point S, take the' neareſt di. 
ſtance to the new Augmented Stile G H, and fet that diftance allo 
upon-the Sbſtilar. Line from S to L. 1 6: $1071 DP I vill 

6. Upon theſe two Points K and L, 'with 60 deg.'of the Line of 
Chords, deſcribe two Semicircles, and ineither of them ſer off 86 deg. 
5 min. the Plain's difference of LO as from'R:' to M, and 
from S to M; both. of them on the ſide of rhe\Sabſtzlar Line, 'on 
which the firſt perpendicular Line A B was drawn. 

7. Divide either of the Semcjreles laſt drawn into 12-equal Parts, 
beginning at the- point M, as the Points ©©®, &c. which 15 deg of 
the Line of Chords will effect- CUT ' 

8. Lay a Rulerto the Point L, and the reſpeRive Points ©©@, &c. in * 
the Semicircle, and the Ruler will cut the Line X X in the Points FF* 
&c,——Alfolay a Ruler to K, and the ſeveral Points © ©©, '&c. and _ 
the Ruler will cut the Line ZZ in the ſeveral Points ***, &c,' 

Laſtly, Lines drawn from the firſt Point * in the Line ZZ, tothe 
firſt Point * in the other Line X X, (which the Subſtilar Line will di- 


re} 


PLAIN 
reft you how tb do) thoſe Lines ſo drawn ſhall be the true Hour-lines 
proper for the Plain, and will appear as in the Figure, and be at a 
competent diſtance one from another, without having arty relation at 


all to the Center. S3-TE, 
Now in the making of this Dial you have made four Dials, viz. 


South declining Weſt 
North declining WeſtC ©5 ©*B"65 
North declining Eaſt 


only by c—_— of the names of the Hours, and placing the Stile on. 
the contrary ſide of the Line AB, for the South declining Eaſt. And 
by turning of the Dial upſide downwards, for the two North Decli- 
ners; ſo that the Stiles may point upwards to the North-Pole, and 
the Hours about Midnight be omitted, as in the former North Dial, 
Figure VII. | 
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CH AP. XIV. 


How to draw the Hour-lines upon a Dire& Eaſt or Weſt Re- 
clining Plain. 


I. By:the Proje&iort. 


_  C\Vppoſe a dire Weſt Plain ſhould Recline from the Zenith 3 5 deg . 
in the Latitude of 51 deg. 32 min. As inall Upright Plains, whe- 


- ther Diref# or: Declining, the Meridian of the Place and Hour- 
line of 12, is always Perpendicular to the Horizon ; So in all Dire Eaſt 
and Weit Reclining, or Inclining Plains, the Meridiax of: the Place and 
Hour-line of 12, 1s parallel to. the Horizon, To make theſe Dials. | 
Firſt, Draw a Right-line: NZS, repreſenting the Baſe of your. Re- 


IX. clining Plain, and Hour-line of 12: Upon Z, deſcribe'a Circle, and 


draw the Diameter W E,to cut the Line N Sat Right Angles in Z.Upon 
Z deſcribea Circle, and upon the Meridian Line N S, ſet off the Pole 
of the World from Z to P, anſwerable to the Complement of the Lati- 

tude of the Place, and finiſhyour Proje#tion as hath been already taught. 
Secondly, ' Becauſe the Plain Rechines 35 deg. take 35 deg, out of a 
Scale of Chords, and tet it from S to 4, a Ruler hid from N to «, will 
cut the Vertical Line of the Plain in O, and now have you three Points, 
N, O, and S, whereby to draw your Reclining Plain, whoſe Center 
will alwayes be in the Line E W extended ; Or, 3 5 deg. the Reclination, 
being taken out of a Scale of Half Tangents, will give the point O as 
before. The Circle NOS repreſenting the Reclining Plain, being 
drawn, you mult find its Pole, which may be done in this manner : 
Take go deg. out of the Line of Chords, and ſet them from 4a to 6, 
a Ruler laid from N to 6, will cut the Vertical Line of the Plain EW, 
in Q, for the Pole of the Reclining Plain (or the complement of the 
Reclination 55 deg. being taken out of a Szale of Half Tangents = 
et 


will give 26 deg, 41 min. for the Stiles «py 


DIADLING:. 


ſet from Z, will find the point Q for the Pole of the Plain alſo). Now 


having found the Pole of the Plain at Q, and the Pole of the World at P, 
you have two Points, viz. P,and Q, through which you muſt (by the 
12th Problem of the Incrods tion ) draw an Arch of 4 Great. ircle, 


which will cut the ar gn, Plain at Right-Angles in R : Now part 


of the Arch of this Circle : Part of the Meridian NP: And part of the 
Reclining Plain NR, do conſtitute a Spherical Triangle N R P, Right 
Angled at R. And out of this Triangle may all the Requiſites belong. 
ing to this Plain be found, which are Three, viz. 


I. The Height of the -Pole above the Plain, repreſented by the Arch 
PR. | 

IT. The Diftance þ the Subſtile and Meridian, repreſented by N R. 

III. The Plains difference # Longitude, or the Angle between the Me. 
ridian of the Place, and the Meridian of the Plain, repreſented by 
the Angle NPR. 


Firſt, you muſt find the Pole of the Meridian of the Plain, Which 
will always be where the Circle N OS, repreſenting the Plain, doth 
croſs the EquinoRQtial Circle, as hereit doth at A; fo is A the Pole of 
the Meridian of the Plain. And now, 


1. To find the Height of the Pole or Stile above the Plain,] A Ruler 
laid from A to P, will cut the Circle in e, and laid from AtoR, it 
will cut the Circle in c, the diſtance e c meaſured upon a Scale of Chords 


- 2, A Ruler laid from Q toR, willcut the Circle in L, the diftance 
NL 45 deg. 52 min. Is the diſtance of the Subſtile from the Meridian. 

3. A Ruler laid from P to B, where the Meridian of the Plain cuts 
the Equinottial Circle BE, AW, will cut the Circle in g, (or where the 
Meridian of the Plain cuts the Primitive Circle, which is in g alfo,) 
the diſtance S g 66 deg. 27 min. 1s the Plains difference of Longitude, 
or the Angle between the Meridian of the Plain, and the Meridian of the 
Place. 

The x 25 af being thus found, the Hoar-lines are calily drawn. 
For lay a Ruler from Q, the Pole of the Plain, to the ſeveral Points 
where the Hoaur-Circles croſs the Reclining Plain, as at 1, 2, 3, &c. and 


- where the Ruler cuts the Primitive Circle make marks, or ***, thro? 


which marks if -you draw Lines from Z, they ſhall be the true Hoar- 
Lines proper for your Reclining Plain. And a Ruler laid trom Q toR 
gives the Point L for the Subſtile. The height of the Stile being 26 
deg. 41 min; ſer 26 deg. 41 min. from L to F, and draw the Line Z F 
for the Stile. And fo is the Dial Finiſhed : And in making of this D;al 
you have made an Eaſt Reclining alſo, by only turning the Dial abour, 
and numbering the Hoursxontrary, as in the Upright Dec linzrs. 


I. By Trigonometrical Calculation. 


You muſt firſt find all the Reguiſites belonging tothe Plain, all which 
may be obtained by reſolving the Right angled Spherical Triangle NR P 


Right angled a R. 
N 1. Foy 


45 


2. 
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PL AITIN 
1]. For the Height of the Pole or Stile above the Plain. 


As the Radius, the Sine of 90 deg, ——————: 1.00000 


Is to the Sine of the Latitude PN 51 deg. 32 min.——9.89374 
Sy is the Sine of the Plain's Reclination R Þ 35 deg.——9.75859 


To the Sine of 26d. 41 m. the fide PR, the _— 
height above the Plain, —— — 


——9.05233 
II. For the Subſtile's diſtance from the Meridian. 


As Radius —<— —— I 0.00000 


To the Tangent of the Latitude 51 deg. 32 min. N P—10.09991 

So is the —_ of = oy ogg 55 _— m—_ . 9.91336 
- To the Tangent of 45 deg. 52 min. ? the « ; 

ſtance of the Subſtile and Meridian —— aryl a 


HI. For the Plain's Difference of Longitude. 
As the Sine of the Latitude 51 deg. 32 min, P N— 


Is to the Radius go deg, —————— 
So is the Sine of the Subſtile's diſtance from * or. 108 
Meridian 45 deg. 52 min, N R-— - 9-95995 


To the Sine of 66 deg, 27 min. The Plain's dif- 
ference of Longitude RP N. —— — 


—9.89374 


———] 0.00000 


= 


| _—_ 9.96221 


> 

The Regquifites being found, you are next to prepare a Table as fol- 
loweth, wherein ſet the Hours proper for the Plain, namely, from 4 in 
the Morning till 2 in the Afternoon, for the Eaſt Recliner, and from 
10in the Forenoon till 8 at Night, for the Weſt Recliner, * 

Then, conſidering the Plain's Difference of Longitude to be 66 deg. 
27 min. conſider how many Equinoe#4! Hours are therein (allowing 
x5 deg. for an Hour) and you ſhall find 4 Hours, and 6 deg. 27 min. 
remaining,  wherefore the Subſtile muſt ſtand between the Hours of 
4 and 5 in the Eaſt Dzal, and between 7 and 8 in the Weſt Dial, be- 
tween which Hours write the word The Subſtile : Then, becauſe there 
is 6 deg..27 min. PRO above 4 hours, write 6 deg. 24 min.in the 
ſecond . Column over S«b- againſt the Hours of 4 and 8. Alfo ſub- 
ſtrat 6 deg. 27 min. from 15 deg. the Remainer will be 8 deg. 33 
min. which write under The Subſtile againt the Hours of 5 and 7. 
'Then by the continual addition of x5 deg.:to either of theſe Nu 
you ſhall have the Equinoitial diztances belonging to each Hour, as in 
the ſecond Colwmy of the Table, namely, .21 deg. 27 min. for 9g and 3; 
And 23 deg. 33 min. for 6 and 6, &«.. | 


The 


Welt Reclining 35 R The Table being thus Prepared, 
= Dog et a, 32 


GI you have ing now to do, but 
ile's height 26 A4r| to Calculatethe Hour-diſt up- 
IDefleCtion 45 +52] onthePlainfromthe Sabfile; which 
Difference of Long. 66 * 29] 15 calily done by this general Analo. 
Equino- Hour- di Feth N din ay 

: - Ub Sthe us 10.90000 

Hours Qial Di-| ſtances SO ps | 
om the | ſtances. |from the Is to the Tangent = | 


— — 


ubſtile Subſtile. 6:4. 27 m. the Equi F 
| D. M.|D. M. nodal dift. for the 9.05328 
i Va _ hours of 4 and 8 

= ho Fj So 15 the Sine of the Stile's 
St 27 29 24 4 PR 26 deg, a0 
?0 | Tothe Tangentof 2 deg,7 
6 | 45 min. the diſt; of t 
| ?7] *..., 34] Hoursof 4and8u 
the Plain from the Subſt, 


>. II0 58 4+] And by. continual, working of 
3 this Proportios, you ſhall find 
+ 33 + 7 {uch numbers as this Table at- 
6 3314 49]. fordeth in the Third Calwmn 
; LY _ thereof, which being {et off by 

| help of a Scale of Chords upon 
a Circle frqgzthe Subſtile of the Dial, they ſhall be the true Howr- 
lizes proper Wr your Reclinins Plain. Fr | 
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CHAP. XV. 
How to draw Hour-Lines upon dire South Reclining Plains. 


The Firft Variety, Reclining Equal to the Pole. 
() theſe Plains, there are Three Varieties : For, Firſt, the South F, igure 


= OB 


Wu ” 
. 


Plain may ſo Recline, that it may fall juſt into the Pole, and X. 
that is when the Reclination of the Plain is equal to the Comple- 
ment of the Latitude 0 the Place, Over ſuch a Plain the Pole hath no 
Elevation, and therefore the Dial no Center, and all the Hoar-Lizes 
muſt be parallel ; and the making of this Dial is the ſame as the Ea# 
or Weſt Pred-diref Dials where, only, as the Stile of thoſe Dials ſtood 
upon the Hour-Line of Six, in theſe it muſt ſtand upon the Hour-Line 
of Twelve, and the Equinoctial Line in that, muſt be an Horizonzal 
Line in this. An Example of ſuch a Plain you have in Figure X, 


II. The Second Variety, South Reclining Leſs than to the Pole., 


Having drawn a Circle W SE N, and croffed it with twp Diamerers ;; 
SN, > the Meridien of the Place and the Hour-Line of a8, and WE Fr. 
; or 


BY TWIT An m0 


—_—O 
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- 
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PLAIN 
for the Prime Vertical Circle, and Hour-Line of Six, and within this 


Circle Proje&ed the Sphere according to the former DireCtions, you may 
now proceed to the making of the Dial ; Which, Let be a South Plain, 


Reclining from the Zenith 25 Degrees. 
I. By the ProjeQtion. 


The Reclination of the Plain _ 25 deg, take 25 deg. from a Chord, 
and ſet them from E to , a Rulet laid from W to a, will cut the Meri- 
dian of the Place in R : Or, the half Tangent of 25 deg. will reach from 
Z,to R alſo: And now you have three Points W, R, and E, whereby 
to draw your Reclining Plain, whoſe Center will always be in the Me- 
ridian Line SZ N extended, and from'its Center to R, will be equal 
to the Secant of 70 deg. the Complement of the Reclination. 

The Circle W R E repreſenting the Plain, being drawn, you ſee that 
it paſſeth between the Pole of the World and the Zenith, and therefore 
the Soxth Pole is Elevated above it ; and how much, you may thus find ; 
Lay a Ruler from W toP, it will cut the Circlein c, the diſtance from 
c to 4 meaſured upon a Chord, will be found to be 13 deg. 28 min. for 
the height of the Sourh Pole or Stile above the Plain. 

For finding the Pole of the Plain, take go deg, of the Chords, and 
ſet them from 4 to 6b, a Ruler laid trom W to 6, will cut the Meridian 
Line SNinQ, fois Q the Pole of the Plain. 

Now for the Hoaur-Lines, Lay a Ruler to Q , and to the ſeveral Points 
I, 2, 3, &c. where the Hour-Circles of the Projection interſect with the 
Plain WRE, and on the Circle, where the Ruler croſleth it, make 
marks **#, and from Z the Center, through thoſe , draw Lines, 
and they ſhall be the true Hour-Lines proper to lining Plain ; 
and 13 deg. 28 min. ſet from N to L ſhall give the Point L, where- 
by to draw the Line Z L for the Stile of the Dial. 


Il. By Trigonometrical Calculation, 


In theſe Plains there is nothing (beſides the Hour-Diſtances) to be 
found, but The height of the Pole or Stile above the Plain, and that 1s eaſily 
done: For, The Plain falling between the Pole and the Zemith, if you 
ſubſtra& the Reclination ZR 25 deg. from ZP 38 deg. 28min. the 
C_ of the Latitude,'the Remainder 13 deg. 28 min. is the Height 
of the Pole abave the Plain, 


Stile's height 13 d. 28 m. 1 Now for the Hour-Lines, the 


_ wt —}] height of the Pole above the Plain 
Equinoctial | Hour-Di- | being found, the general Caxon for 
Hours from | Diſtances. web Hour-diſtances will effe& that ; for 
Noon. | I M — M having framed a Table with Howrs 
x BD ©. --4TMS-occonl Wh =. - Jand Equinodtial diitances anſwera- 
12 0-8 oO ©o | ble to them, you may by the gene- 
: as yy. 3 34 {ral Canon work as followeth. 
ww 24. 20-2 7 39 [As the Radius go deg. 10.00 
$ - T1318 0-1 13 3 | PM — 
4 60 o© 21 58 To the Sine of R P I3 
7 5 75 's) 41 O d. 28 m., the height $ 
| .6 |.90 o | go © of the Pole aboveg 942993 


i ew the Plain, 
So 


DIALLING. 
So-is the Tangent of 15 d. the EquinoCtial diſt. for x and 11, 9.36713 


To the Tangent of 3 d. 34 m. the Hour-diftances of } » _ 
II © ge Clock [ 8.79518 


And fo for all the Reſt of the Hour-diſtances as in the Table, the 
Stile being 13 deg. 28 min. high, ſet it'upon the Circle from N to L, 


49 


and draw the Line Z L for the Stile, The Subſtile is always the Meridi- 


2n or Hour-Line at 12. 


| HI. The Third Variety, South Reclining Mote 
| | than to the Pole. * 


| The Lines N Sand E W being drawn at Right Angles in Z, the 
one for the Meridian» and Hour-Line of 12, the other tor the Prime 
Vertical Circle and Hour Line of Six: And the Sphere Projetted upon 
the Horizon of London according to former Dire&tions, You may 
ceed to the drawing of the Dzal in this manner, nothing differing 
the former: And-let the Example be of a ireRt SourbPlain Reclining 
70 deg. | | 
I. By Projedtion. 


The Sphere being Projected , deſcribe the Circle repreſenting the 
Plain upon it, in this manner : "The Reclination being 70 deg, take 70 
.degt oi your Chord and ſet them from Eto a, A Ruler laid from Ww 


from Z, will give the Point R alſo) and ſo you have three Points 
through which to deſcribe the Circle ER W —— your Reclining 
15 Plain, whoſe Center will bein the Meridional Line N S: And the Se- 
cant of 20 deg. (the Complement of the Reclination) ſet from R upon 
the Meridian Line to B, will give the Center: And the Plain being de- 
ſcribed, you ſee it falls between the Pole and the North Point of the 
Herizon, anG therefore the North Pole is Elevated, and to know how 
much, Lay a Ruler from W to P, it will cut the Circle in 6, fo the 
diſtance between 4 and 6 being meaſured upon the Scale of Chords, 
will give 31 deg. 32 min. for the height of the Pole or Stile above the 
Reclining Plain. X % 

Next find the Pole of the Plain ER W, by taking go deg. of your 
Chords, Mnd ſetting it from 4 to c, a Ryler laid from W to c will cut 
the Meridian in Q, fo is Q the Pole of the Plain; To which Point 
and the ſeveral interſeCtions of the Hour-Circles of the Projettion with 
the Plain, 1, 2, 3, &c.1f to theſe Points you. lay a Ruler, it will cut 
the Primitive Circle in **#*, &c. through which Points if you draw 
right Lines from Z, they ſhall be the true Hour-Lines: And 31 deg. 
32 min. the height of the Pole above the Plain, being taken from a 
Chord, and ſet from N to L, it ſhall give the Point old to draw 
the Stile : And fo is the Dal finiſhed. 


O Il. By 


So off 


tos, Will cutthe Meridian in R, (or the half Tangent of 70 deg, ſet | 


I PLAIN 
_ IT. By Trigonometrical Calculation. 


There is nothing in this Dial to 
be Calculated but the Hour-Diſtan- 
ces, nd before you can Calculate 
them, you mult firft obtain The Hours from 
height of the Pole or Stile above the | No0n- DD. M 
Plain, in this manner : The Plain| RR inte W.no 1: 
falling between the Horizar and: "IE 
the North  Pote, the Arch of the 
Meridian PR, muſt be the height 
thereof: Now from Z to R 15 70 d. 
the Reclination of the Plain, and | 
from Z. to P is 38 deg. 28 min. the | 
Complement of the Latitude : Sub- 
ftract P 7.38 deg. 28 min. from ; . 

Z.R 7odeg, the remainder 32 deg. 31 min. is the Arch PR, the height 
of the Pole: above the Plain,; Which known, prepare a Table and Cal- 
culate the Hour-diſtances by the general Analogie or Proportion. 


Stile's height 31 d. 32 m. 
Equino&tial | 
Diſtances. | 


1 


As Radius I0.00000 


To the Sine of the height of the Pole above the 7g. 
0 the Sine of the height of the Pole above the 

Plain P R 31 deg. 32 min. 5 9.71350 
© Sos the Tangent of 15 deg. the EquinoCtial diſtance 9.42805 


To the Tangent of 7 d. 59 m. the Hour-diſt. of 11 or 11 9.14655 


And bo for all the reſt of the Hour-Diſtances as in the Table, The 
Stile muſt be Elevated above the Mer:idiaz or Subſtile equal to the An- 
gle N ZL: 31 deg, 32 min. Ando js the Dial finiſhed. 
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CHAP. XVL 


How to draw Hour-lines upon dire North Reclining Plains. 


F theſe kind of Plains there are Three Uarzeres, as there were of 
South Recliners: For (1.) The Reclination may be ſuch 


<— — 
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that the Plain my juſt lie to the Equinofial Circle —Or 


(2.) It may Reclize fo, that the Plain may fall between the Zenith 
and the Equinoetial Circle. Or, (3.) The Plain may Recline 1o, as 
to iall between the Equinottial and the Horizon, Examples of all 
which do here follow, 
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DIALL. 


I. The Fir Variety ; North 
; to the EquinoCti 


I. By Proje@tt 


Our firſt Example ſhall be of a North P 
nith, 51 deg. 32 min. Ws 

Fig. Having drawn N $S for the Mer 
and E W for the Prime Uertical C ircle, an 
each other at Right Angles in Z, and upc 
therein ProjefFed the Sphere : 'The next thi 
the Circle repreſenting your Reclining P 
being 5x deg. 32 min. take thoſe Degree: 
and ſet them from W to 4: A Ruler laid 
Meridian in A, which 1s the very interſeQ 
with the Meridzan NS; and fo the Equind 
Plain: To find the Pole whereof, Take 
ſet them from 4 to 6b, and laying Ruler f 
Meridian NS 1n P the Pole of the Worl 
World is the Pole of this Plain ; and the 
ſhews the North Pole to be elevated above 

Now for the Hour-Lines, P being the Pe 
thereto, and to every of the Hour-points 1, 
where the Hour-Circles croſs the Plain, an 
the Primitive Circle, make marks * * *, th 
ter Z, Lines being drawn ſhall be the t 
for this Reclining Plain : And indeed the 
Circle were divided into 24 equal parts, 
an equal diſtance one from another, name 
having go deg of Elevation, A ſtraight Pi 
upright, (2. e.) Perpendicular to the Plain, 


- directly to the Norch Pole, and fo ſhew 


thereof. 
There needs no Trigonometrical Calculat 
Diſtances being all Equal, viz. 15 
and the Stile only a ſtraight Wyre, ſet 


I. The Second Variety ; Nort 
than the Equinod 


I. By Projedio 


[.et this Second Example be of a Nort| 
Zenith 25 deg. Having, drawn NS for t 
Prime Vertical, interſetting at Right Angle: 
a Circle ENWS, and in it Projedted th 
will be to Draw the Circle repreſenting th 
in this manner : R 

The Plain Reclining 25 deg. take 25 
Chords, and ſet it from W t0 4: A Ruler | 


ING. & 


rth Reclining, Equal 
xRtial. | 


(H10N. 
h Plain , Reclining from the Ze- 


Meridian and Hour-Line of 12, _ 
. and Hour-Line of 6, cro Wi 
upon Z. deſcribed a Circle, an 
thing to be done is to _ 

g Plain : And the Reclination 
Trees from your Line of Chords 
laid from E to 4, will cut the 
ſetion of the EquinoFial Circle 
uinottial Circle repreſents your 

e godeg. of your Chords and 

T Coak E tob, it will crols the 
Vorld, ſo that the Pole of the 
the diſtance 4 b being go deg. 
ove the Plain go deg. 

e Pole of the Plain, lay a Ruler 
1, 2, 3, Oc. 11, 10, 9, Oc. 

, and where the Ruler croſſeth 

, through which, and the Cen- 

he true Hour-Diſtances ' proper 
they are no other than if the 
arts, for the Hours are all of 
amely 15 deg. Now the Stile 

t Pin or Wyre of any length, ſet * 
4in, in the point Z, ſhall point 
hew the Hour by the ſhadow 


culation for this Dial, the Hour- 
15 Degrees from each other, 
ſet perpendicular to the Plain. 


North Reclining Leſs 
noCtial, 


2ct10n. 


North Plain, Reclining from the Fjpare 
for the Meridian, and E W for XIV. 
ngles in Z, and upon Z deſcribed 
.d the Sphere; Your next work 
1g the Plain upon the Projetton, 


> 25 deg. out of your Line of 


tler laid from E to « ſhall cut the 
FS Meridian 


CC 


PLAIN 
Meridian in R, (or the half "Tangent of 25 deg, ſet ſrom Z, ſhall give 
the Point R alſo). And now you have Three points to draw your ohin 
by, vis, ERW, whoſe Center will be in the Meriaian Line NS, 
and tht Secant of 25 deg. ſet from R will give the ſame. 

The Plain being chan eſcribed, you ſee it paſſeth between the Zenith 
and the Equinottiat, and the North Pole is Elevated above it the 
Quantity of the Arch of the Meridian R P; and to know how much 
that is, you muſt firſt find the Pole of the Plain thus: Set go deg. from 
atob, then lay a Ruler upon E and 6, it will cut the Circle in 
Q, ſo is Q thc. pole of the Plain ; and a Ruler laid from E to P will 
cut the Circle in c, the diſtance 4 c meaſured upon a Scale of Chords 
will give 63 deg. 28 min. for the Arch P R, equal to the height of the 
Pole above the Plain. | | 

To draw the Hour-Lines; Lay a Ruler upon Q, and to the ſeveral 
points where the Hour-Circles croſs the Plain, and where the Ruler 
cutteth the Primitive Circle make marks or * * *, through which 
points, from the point Z,, draw Lines, and they ſhall be the true Hour- 
Lines. For the Stile take 63 deg. 28 min. from your Scale of Choilds 
and ſet them from N to L, and draw the Line ZL for the Stile ; The 
Subſtile is the Line N Z,, or the Meridian of the place, as in South 
Recliners ; but in theſe North Recliners the North Pole is always Elevated, 
and the Hours about Midnight left out : As in Figue XIV. 


HI. By Trigonometrical Calculation. 


All the Calculation thar is.required 1 theſe Direct Reclining Pleins, 
ts only the Height of the Pole above the Plain, and the Hour-diſt ances 
from the Meridian. For the Firlt, it 1s the Quantity of the Arch PR, 
Now from Z.to R is 38 deg. 28 min. _ to the Complement of the 
Latitude, and ZR is 25 deg. equal to the Reclination, which added 
together make 63 deg. 28 min. Andſo much is the height of the Pole 
or Stile above the Reclining Plain ER W. 


gs _ For the Hoar-Diſtances from the 

#- Stule's height 63 d. 26 m. | Meridian, they are to be found by 
{ EquinoQtial | Hour-Di- | the general Analogie or Proportion. 

Hours from } Diſtances. | ſtances on 


Noon. the Plain. | As Radi 
'D. M. | D. M. dius go deg I 0.00000 


© OO 28 min. the Stile's 
as 29 Height ; 
?7 19 1So6s the Tangent of the 
4T 49 frſt Equin. diftanoes 9.42805 
37 10 15 deg. 
73 20 | | a 
9o oo Tothe Tangent of I ; 
c 9-37977 


| To theSineof 63 deg, 
c 9-95166 


deg. 29 m. for the di- 
ſtance of 1x and x 


The 


DIALLING. m_. 
The like muſt be done for all the reſt, and fo ſhall you produce 
ſuch Numbers as are in the third Column of the Table. * 

The Stile muſt ſtand upon the Meridian-Line N Z, making an An- 
gle.of 63 deg; 28 min. therewith, | 20 


II. The Third Variety : North Rec ining more - 
than the Equinoctial. PPE 


I. By Projection. 


Suppoſe a North Plain in the Latitude of 5x deg. 32 min. ſhould 
Recline from the Zenith 70 deg, ae J 

Firſt, Draw NS and E W at Right Angles in Z,-and upon Z de- Figare 
ſcribe a Circle, and therein proje# the Sphere. Which done, Take the XV. 
Plain's Reclination 70 deg. out of your Scale of Chords, and et it 
upon the Circle from W-to 4, a Ruler laid from E to s,. will cut the 
Meridian in R, (or 70 deg. taken out of the Scale of Half Tangents, 
will reach from Z. to oo wt Now having Three points E, R, and 
W, deſcribe it upon your ProjeQtion, the Center thereof will be in the 
Meridian Line N S, and will be diſtant from R, | to the Secant 
of 20 deg : The Plain being drawn, find the Pole thereof, by —_ 

90 deg. of your Chords, and ſetting them from # to 6, ſo a Ruler lai 
from Eto 6, ſhall cut the Meridian NS in Q the Pole of the'Reclini 
Plain. But now to find the Height of P the Pole of the World 
above the Reclining Plain E R W, Lay a Ruler pop E and P, it will 
cut the Circle in 4, ſo ſhould « 4 be. the height of the Pole above the 
Plain; which being above go deg, viz. 108 deg. 28 min.. the Com- 
lement thereof to 180 deg, ramely 7x deg. 32 min. is the Stile's 
eight ; which ſet from S to L, ſhall give you the point L, whereby to 
draw the Line of the Stile. 

Next for the Howr-Lines. A Ruler laid to Q, the Pole of the 
Plain, and the reſpeQtive points 1, 2, 3, &c. (where the Howr-Circles 
croſs the Plain) mark where the Ruler cuts the Primitive Circle, and 
there make marks or * * * ; and-from Z, if you draw Lines through 
thoſe * * #, they ſhall be the true Howr-Lines belonging- to your 
Reclining Plan, | | 


II. By Trigonometrical Calculation. 


As in the orher Reclining Plains which are dire&t North or Sou?, 
there, was no Arithmetical Calculation but only to find the Heigh' of 
the Pole above the Plain, and the Hour-Diſtances from the Meydiar 
of the Place, neither is there more in this. 

For the firſt, ( namely the Height of 'the Pole or Stile above the 
Plain) which is Repreſented "7 the Arch of the Meridian in the 
Projection by PR. Now from Z to P is 38 deg, 2$ min. equal to 
the Complement of the Latitude, and ZR 1s 70 Gp. equal to the 
Reclinition, theſe two being added together make 108 deg. 28 min. 
but this cannot be the true Feight of the Pole above the Plain, for 
that can never exceed go degrees, but this Plain falling between the | 

aator and the Horizon, muſt needs have ſo much leſs than go deg. 
of Elevation, as the Reclination 15 more _" the Latitude ; ns, 


WW *: 


— If you add 3&:deg.:2%. min, the 
Cooaploment of the Eaticade, and 


70 deg. CY rogetlier, 

irs from | Diſtances. the Sum will be: 108: deg,28 min,: 

_ the Plain. |as before, whoſ2 Complement to 

D. M. | D. M. |8, deg. is 7» degy' g2 mins jand 

— MT that the tre height of the Pole 
12 "=. o ©o | 


o | 34 16 above the Plain : Or if you add 
: $ I1Z A, 51 deg. 32 min. the La- 

- 4 29 48 Fritude, to. R S 20 deg. (the Com- 
g #42024 * on plement of the Plain's Recl:nation) 
: 0 1 by the Sum of them will be 71 deg. 


| F | | 32 min. for the Height of the: 
———— 00 1Pole or Stile above the Plazn. 
» "The Hour-Diitances ( now the height of the Stile is known) may 
' be found by the Common Analogy. 

As the Radius go, deg. ———— 1 0.00000 


To the Sine of the Stile's height T1 deg. 32 min. 8.97704 
Sois the Tangent of 15 deg. to the firſt Equio. ditance—9.42808 
To 14d. 16 m. the firſt Hour's diſtance from the Merid. 1 9.40805 | 
And re 


peating this Work for all the Hours, you ſhall have fuch Dt- 
ſtances as in the 'Third Column of the Table are ſet down. 


The Stile muſt be erected upon the Meridian, and raiſedto an Angle 
of 71 d. 32 m. equal to the height of the Pole above the Plain. 


CHAP. XVIL 


How to draw the Hour-Lines upon South Declining 
Rechning Plains. 


F South dire Reclinins Plains, there were Three Varieties, 
{o ares there as many of South Recliners which Decline alſo ; 


For to any Declination, the Plain may Recline \o, that it 
aay paſs through the Pole of the Mor/d. Or, Secondly, It may Recline 
{0,that the Plain ſhall fall below the Pole, and fo fall between 
the Zenith and the Pole.” Alſo, Thirdly, ft may ſo Recline, that the 
Plain ſhall paſs between the Pole and the Horizon : Of all which 
Variett« | ſhall give particular Examples. 


I. The Firſt Variety : Of South Declining Reclining Plains, 
| The Plains paſſing through the Pole. 


I. By Proje&tion. 


of a South Plain, Declining from the Soath 
lining from the Zenith 34 deg. 32 min. 


Figure 
XR\UYL 


This Example ſhall be 
Ezſiward 30 deg.and Rec 


Firſt, 


DIALLING. | 7 


Firſt, Draw a Right Line AB, repreſenting the Baſis of your Reclining 
Plain, __ croſs it with another Line C D, at. Right Angles in 
the point Z. 

Secondly, Upon Z, deſcribe a Circle and in it from C towards F 
(becauſe the Plain declines Eaſtward ) ſet 3o deg. the Declination of 
the Plain, to N, and draw the Line N Z g for the Meridian of the 

Place, upon which, from Z to P, ſet the Half Tangent of the Com- 
plement of the Latitude 38 deg. 28 min. and finiſh the Projettion: 

Which done, | 

Thirdly, "Fake the Half Tangent of the Reclination of the Plain 

34d. 32 m. and ſet it from Z toR, upon the Line C D, fo have you 

three Points A, R, and B, by which to draw your Plain, whoſe Cexter 
will be in the Line C D extended, and the Secant of 55 deg. 28 min. 

ſet from R, will give the Center point: Alſo the Half Tangent of 5 
deg. 28 min. being fet from Z will give you the point Q, for the PAL 
of the Plain; through which point Q, and P the Pole of the World, 

you muſt (by the 12th Problem in the Introdattion) draw the Arch of 

a Great Circle: And now ſeeing the Plain paſſerh juſt through the 
Pole of the World, the Pole hath no Elevation aboveit, and therefore 
the Hour-Lines muſt be parallel one to the other. But betore you can 
draw them, two things mult be found, 

1. The Diſtance of the Meridian from the Horizon P B. 

2. The Plain's Difference K4 Loxgitude, the Angle ZPQ. 

Both which by the Projedon are thus found : 

- ARuler laid "he QtroP, willcutthe Circle jn 4, and the diſtance 
4 B meaſured upon the Chords will give 71 deg. 53 min. for the Ds- 
ſtance of the Meridzan from the Horizon And the Arch $6, meaſured 
upon the Chords, will be 24 deg. 19 min. for the Plain”s Difference 
of Longitude. 

Theſe things found, the Dia! muſt be drawn Geometrically, not 
much differing from ' the direct Eaſt, Weſt, and Equinottial Dials, as 
ſhall be preſently ſhewed. Bur Firlt, | 


Il. B yy I r:igonometrical Calculation. 


1. To find the Diſtance of the Meridian from the Horizon P B. 

By the interſeAion of the Circles of the Sphere with the Plain, you 
have conſtituted a Right -Angled Spherical Triangle PR Z, Right Angled 
at R, in which there is given, (1.) Ihe Fhpotenuſe Z P 38 deg. 28 
min. the Complement of the Latitude. (2.) The Angle R ZP 3o deg. 
the Plaia's Declination, and if you will, (3.) the fide R Z. 34 dep. 32 
min. the Plains Reclination. To hind the fide R P, the Complement of 
tbe Meridiax's diſtance from the Horizon : For doing whereof this is the 
Propertion. | 


As Radius go deg. * - -  *- S@00000 
; To the Sine of P Z the Co-Latitude 8 deg, 28 min. 9.7938 3 
So is the Sine of R Z P the Plain's Declination 3o deg. 9.69897 


To the Sine of RP 18 deg. * 9.49280 
The Complement whereof 71 deg. 53 min. is the Arch P B, the De- 
ſtance of the Meridian from the Horizon. | 


2. For 


56 P L AI N 


3. For the Plain's Difference of Longitude Z PQ. 
As the Sine of P Z the Co-Latitude 38 deg. 28 min. ga99383 


Is to the Radivs go deg. Sk I 0.00000 
So is the Sine of Z R the Plain's Reclination 34 deg. 32 min. 19.75349 


To the Sine of Z PR 65 deg. 41 min. 9.9 5966 
Whoſe Complement 24 deg. ig min. is the Angle ZPQ, the Plain's 
Difference of Long ituae. | 


T he Geometrical Projection of this Dial. 


Firſt, Draw a Line at pleaſure, as A Z B, repreſenting the Horizontal 
Line of the Plain; Then, conlidering of what length you would have 
your Stile to be, anſwerable ro the bigneſs of your Plain, ſuppoſe 
Z. D, rake . that diſtance in your Compaſſes, and ſetting one 
foot in Z, with the other deſcribe a Semicircle A C DB, upon which 
(by help of a Scale of Chords ) fer 71 deg. 53 min. the aiſtance of the 
Meridian from the Horizon, from A to C, and draw the Line Z CR, 
for the Subſt ile. 

Secondly, Take 24 deg.1g min. the Plain's Difference of Longitade 
and ſet it from C to D. 

Thirdly, Through the point C, draw a Line F G, perpendicular to 
the Sabfile Z E.; and another Line H 1, at any diſtance parallel to F G. 

Fourthly, Lay a Ruler from Z to D, it will cut the Tangent Line 
FG, in 12, through which point, draw the Line 12, 12 Parallel to 
the S»bſtile ZE, tor the Hour-Line of 12. 

Fifthly, Divide the Semicircle AD B into 12 equal parts, at the 
points * * *, &c. beginning at D. 

Laſtly, Lay a Ruler unto Z, and upon every of the marks * * ®, 
&c. and the Ruler will cut the Line F G, in the points 7, 8, 9, 10, 
T1, 12, 1, 2, through which points, draw Lines parallel to the Subſtile 
Z E, fo is your Dial hniſhed. 

As for the Stzle, it may bea ſtraight Piz or H'yre, of the juſt length 
of the Line CZ, as KL, fer perpendicular ro the Plaix upon any part 
of the Sabſtile; whoſe point will give the Shadow. Or, it 
may be a Plate of Braſs or Iron, of the fame breadth with the Line 
Z C, which will ſhew the Hour by the Shadow of the fide thereof. 


HI. The Second Variety : Of South Declining Reclining 
Plains ; The Plain paſſing between the Pole and the Zenith. 


I. By the Projection. 


Figwre Our Second Example ſhall be of a Plain Declizing from the South 
XVI Ezftward 30 deg. and Reclining from the Zenith 20 deg. : 
Firſt, draw a Right Line A B, for the Baſe of the Reclining Plaim, 
and anocher CD, perpendicular thereunto, for the Vertical Line of the 
Plain, crofſing one another at Right Angles in Z. 
Secondly 


DIALLING 


Secondly, upon Z. deſcribe a Circle, and thereon ſet 3o deg, the De- 
clination from A to E, and draw the Line E W for the Prime Vertical 
Circle, and at Right Angles to it the Line SP N for the Meridian of 
the Place, and now Proje# the Sphere, as hath been before taught. 

Thirdly, Out of your Scale of Half TE_ take 20 deg. the Re. 
clination of the Plain , and ſet it from Zto H upon the Line CD; for 
the Plain: Alſo take 7o deg. and ſet them from Z to Q, for the Pole of 
the Plain ; and having three Points A, H, and B, whereby to deſcribe 
. your Plain, if you take the Secant of qo deg. and ſet it from H, 
upon the Line CD extended, it ſhall give the Center whereby to 
deſcribe the Reclining Plain A H B. And now having found Q the 
Pole of the Plain, you muſt through it, and P the Pole of the 
World ( by the 12th Problem of the Introduttion ) deſcribe the Arch 
of a Great Circle QR P. A 

Having proceeded thus far, the next thing to be done is to find the 

Requiſutes belonging to this Plain, which in all Declining Reclini 
Plains (excepting, ſuch as paſs through the Pole of the Wor 
or by the interſettion of the - Meridian and Equingdtial ) 
are Four, v:z. | 

1. "The diftance of the Meridian and Horizon +» OB 

2. 'The height of the Pole or Stile above the Plain ( repreſen- ) P R 

3. The diftance of theSubſtile from the Meridian ( ted by YOR 

. 'The Plain's difference of Longitude OPR 

And all theſe may be found by the Projedior : 

1. For O B: Lay a Ruler from Q to O, it will cut the Primitive 
Circle in «, the Diſtance from B to 4, meaſured on a Scale of C 
will be found to be 78 deg. 5o min. for the DiFance of the Meridian 
rom the Horizon. 

2. For P R : You muſt firſt find the Pole of the Great Circle P R 
{ as hath been taught already at the end of the Fourth Chapter hereo 
which will be at q { always in ſome part of the inoctial Circle, 
namely, at the Interſetion of the Equinoftial and the Plain) : which 
found, Lay a Ruler from q to P, it will cut the Circle in 6, and 
laid to R, it will cut the Circle in c, the diſtance 6 c meaſured on 
-_ Chords, will be found to be 13 deg. 49 min. for The height of 
the Stile. 

. For OR: A Ruler laid fromQ to O, did cut the Circle in z ; 
and laid from Q to R, it will cut the Circle in d; the diſtance « d will 
be found by the Scale of Chords to be 7 deg. 3o min: for the Deflexion, 
or Subſftile's diſtance from the Meridian. 

4. For OPR: ('The meaſure whereof on the Equinottial is. 
A L ) Lay a Ruler from PtoL, it will cut the Circle in e, the diſtance 
N e meaſured, will be found 28 deg. 52 min. for The Plair's difference 
of Longitade. 

The Requiſites being found, the next work will be to draw the 
Hour-Lines, which differs nothing from what is done 1n other Plains : 
Wherefore, Lay a Ruler upon Q (the Pole of the Plain ) and upon 
the ſeveral points where the Hour-Circles of the Projeton cut the 
Plain AH B, and where the Ruler cuts the Primitzve Circle make 
marks or * * * : And from the Center R, Lines drawn through thoſe 
marks or * * * ſhall be the true Hour- Lines. The S:ile muſt be 
Elevated above the Swb/tile the quantity of the fide P R, namely 13 


deg. 49 min. WW 1I; By 


7 


PLAIN 


IT. By Trigonometrical Calculation. 


By the Interſeion of the Circles of the Sphere, with the Greaz 
Circles belonging to this Reclining Plain, there are Conſtituted ſeveral 
Spherical Triangles ;, but eſpecially Two : By the reſolving of which, 
all - the fore-mentioned Requiſtes may be attained : The two 
Triangles are HO Z, Right Angledar H, and O PR Right Angled 
at R. | 


]. For the diſtance of the Meridian from the Horizon BO. 


This will be found in the Right Angled Spherical Triangle H O Z, 
in which is given, (1.) The Side H Z 20 deg. the Plains Reclination, 
(2.) The Angle H Z O 3o deg. the Plair's Declination : Io find the 
Side H O, | | 


As Radius go deg. - 2 10.00000 
To the Sine of Z H 20 deg. the Declination "EY 9.53405 
So is the Tangent of' H ZO 3o deg. the Declination 9.76144 
To the Te of H O 11 deg.1o min. _ 9.29549 
Whoſe Complement 78 deg. 5o min. is the Arch B O, the 


Diſtance of the Meridian from the Horizon. 
2. For the beight of the Pole or Stile above the Plain PR 


This muſt be found in the Triangle P O R, butin it there is not 
et enough given ; whereiore P O mult be firſt found in the former 
Triangle H O Z. Thus, 


As the Sine of H ZO 3odeg. the Declination 9.69897 
To. the Sine of H O 11 deg. 10 min. 9.28705 
So 5 Z HO theSine of go deg. I0.00000 
To the Sine of O Z. 22 deg. 47 min. | 9.58808 


- Which ſubſtracted from Z P 38 deg. 38 min. there remains 15 deg. 
41 min. for the fide O P in the other Triangle O PR: And 
now ſeeing the two Triangle H O ZandPR O arealike, and 
the Sizes of their Fhpotenuſes and Perpendicalars are proportional, 
you may work with both Trang/es together to find P R. Por, 


As the Sine of ZO 22 d. 47m. Fhpet. \ .. x... 9.58799 
To the Sine of Z H 20 d. Periend. a Trian, HOZ { 9.53405 
So is the Sine of PO 15d. 41 m, Hor. L; Trian POR 9.43188 
TotheSineof PR 13 d. 49 min. FRPOs ns (Oy 


9437794 
3- For the Diſtance of the Subſtile from the Meridian OR. 


In the Triangle Þ O R, where there .is given the ſide PO 1 5 deg; 
To 
AS 


1H _— "© tide PR 13 deg, 49 min, And the Right Angle at R : 


C008: | Be 
Figure XVI. Figure XVI. 
: | : 


vI vt WIKXXIXOI It. 


0-51 | | Again/E Page 58. to fold out "Wm. 


. © 


| 


| the 'Stile muſt ſtand betwen the PStile's height 
| 
| 


dition of 15 deg. ( one Equinottial 


DIALLING. 
As the Co-Sine of PR 76 deg. 11 min; Fs 9.98725 


To the Radius P R 0 go deg. 00000 
So 1s the Co-Sine of P O 74 deg, 19 min. pabe0s- 


To the Co-Sine of OR 82 deg. 3o min. ers | 
$ 


Whoſe Complement 7 deg. 30 min. is the fide O R, The 
diſtance from the Meridian 


4. For the Plain's difference of Longitude O PR. 
As the Sine of P O 15 deg. 41 min. v 9-43 188 


ToPRO go deg. | 10.00000 
So is the Sine of R O 7 deg. 3o min, _ "Krig6g 


A—— 


To the Sine of OP R 28 deg. 52 min.  9.6838x 
Which 28 deg. 51 min. is the Plain's difference of Longitude. 


Tho next thing you are to ſeek, is the Howr-Diſtances upon the 
gh 

The Plain's Difference of Longitude || atitude 
being 28 deg. 52 min. res 1s. "709 er 
but One Hour, and 13 - 52 [Reclination 
min, of the Equinotiat over ; where- |— 
fore, The Plain Declining Exitward, Diſt. Mer. & Hor. 


Hours of 10 and 11 in the Fore- |Deflettion 
noon : Therefore, Prepare a Table 
and write down the Hours that the 
Plain is capable to receive, namely, 
from 5 inthe Morning, till 4 m the 
Afternoon ; and between the Hours 
of 10 and 1t, where the Subſtile 
muſt ſtand, write tae word Sab-ft:le, 
and under it write 13 deg. 52 min. 
which ſubſtratted from 15 deg. the 
remainer will be rdeg. 8 min. which 
write over Subſtile. Then to thele 
two Numbers, by the continual ad- 


Hoar*s diſtance) you ſha" produce 
ſuch Numbers as are ſet down in 
the ſecond Column of the Table. And 
now to tind the true Hour-dift ances 
upon the Plain : Make uſe of the 
ccultomed Azalogy. 


60 


Ta 
ſet 


>" \Þ'L"A'TN 
As the Radius go deg. . y 10.0000G 


To the Sine of the Stile's height 13 deg. 49 min. 9.37806 
So is the Tangent of 76d. 8 m.' the Equinottial = F 
ſtance of 5 or 7 a Clock. oe 0755 


A —_ 


To the Tang. of 44 d. 3 m. the true diſt. of the | 
Hours of or 7 upon 'the Plain from the Subſt. 5 9.98561 


And thus working for every Hour, you ſhall produce ſuch. numbers 
as are in the third Column of the Table, which with the Meridian, 
Subſtile, Stile, or Deflexion, being ſet upon your Plain, your Djaf 
is Finiſhed. 


IIL.The Third Variety,of SouthDeclining Reclining Plains: 
The Plain paſſing between the Pole and the Horizon. 


I. By Projeftion. 


Let this Third Example be of a South Plain Declining Eaſtwatd 
30 deg. and Reclining from the Zenith 55, deg. 

Firſt, Draw a Right Line A B for the Baſe of your Plain, and crofs 
it with another Line CD, at right angles in Z, for the Vertical Line 
OT wan x des Vin, od ice dhe als et 

con n cribe 4 Circle, and upon the Perifery ther 

ſet 30 ro the ; Plain's Declination, from C to N, and How whe Line 
: S for the Meridian of the Place, Projetting the Sphere within the 

ircle. Fo : 
Thirdly, Take 55 deg. the Reclination, from your Scale of 
nents, and ſet them from Z to F, for the point -of your Plain, and 
Ge Complement thereof 35 deg. from Z to Q, for the Pole- of the . 
Plain: And having three points A, F, and B, whereby to draw. your 
Reclining Plain, the Secant Complement of the Reclination 35 deg. 
= ”_ F upon the Line F D, will give you the Center whereby to de- 
cribe it , 

Fourthly, Through P the Pole of the World, and Q the Pole of 


' the Plain, draw the Archof a Great Circle R PQ ( by the 13 Prob. 


of the Introdu&ion ) and find the Pole thereof at q in the Equinoftial 
Circle, 
Fifthly, You muſt find theſe Reguiſites, 


i. . = rr rg of the Meridian from the Horizon 
2. 'The Height of the Pole or Stile above the Plain 
3. . The Dit of the Subſtile from the Meridian 
4. The Plain's Defference of Longit. RPO or 


All which may be found by the Proje#ion, in this manner : 

1. For OB:, Lay aRuler from Q to O, it will cut the Circle in #, 
and B 4 meaſured upon the Chord, will give 64 deg. 41 min. for the 
Diſtance of the Meridian from the Horizon. 

2, ForPR: Laya Ruler from q to P, it will curthe Circle in 6 : 
alſo, a Ruler laid from q to R, will cut the Circle in c, the diſtance 
b e being 19 deg. -25 min. 1s the Height of the Pole or Stile above the 
Plain. | | 2, For 


© 


DIALLING:. 

. ForRO: A Ruler laid from Q to O, did cut the Circle in 4, 
and Laid from Q to R, it will cut it in 4, the diſtance 44, 6 deg, 2 min. 
is the Deflexion, or The Subſtile's diſtance from the Meridian. 

 ForR P O, ( orrather A PQ.) whoſe meaſure upon the Equi- 
nodtial is AL, a Ruler laid from P to L, will cut the Circle in e, and 
S e meaſured upon the Chord, will be 17 deg. 38 min. for the Angle 
between the Meridian of the Place, and the Meridian of the Plain, which 
is the Plains Difference o Longitude, £0 | 
The Reqziſites thus obtained, The Howr-lines are to be drawn as 
in other Plains, by laying a Ruler to Q, and to the ſeveral Points 
where the Hoar-C:rcles croſs the Plain ; and where the Ruler cuts the 
Primitive Circle, make marks or * * *, through which Points, or 
* * # fromtheCenter Z, draw Lines, and they {hall be the true Hoar- 
lizes proper for your Plazn. | 


IL. By Irigonometrical Calculation. 


The Triangles, by the reſolution whereof the Requiſites may be 
found, are the "Triangles OFZ, ROP, and ONB. . | 


1, For the Diſtance of the Meridian from the Horizon BO. 


In the Triangle O F Z, you have given ( 1 ) The Side F Z, the 
Plain's Reclination 55 deg. ( 2 ) The _ F ZO, the Plain's De- 
clination ;, and ( 3 ) The Right Angle at F. | | 


As The Radius O F Z go deg. I0.00000 


Is to the Sine of F Z, the Plain's Reclination, 55 dep. | 9.913 26 
So isthe Tangent of C N, the Plain's Dedlination, 3o deg. 9.76144 


To the Tangent of FO 25 deg.'a9 min, | 9.67480 
Whoſe Complement is O B 64 deg. 41 min. the Diſtance of the 
Meridian from the Horizon. | 


2. For the Height of the Pole or Stile above the Plain PR. 


This ſhould be found in the Triangle R O P, but there is not enough 


given; Wherefore, inthe Trzangle O N B, you mult ſeek the Side N ©, 
thereby to come to the Side O P, thus, 


As the Sine of OB N go deg. I0.00000 _ 
Is to the Sine of B O 64 deg. 41 min. 9.9561 : 

So is the Sine of N BO 35 deg, | 44 
To the Sine of NO 31 deg. 14 min, 9.71474 


This NO 31 deg; 14 min. takenout of NP, 51 deg. 32 min. leaves 
20 deg. 18 min. for PO. 

And now becauſe the r——_ and Baſes of the Triangles ON B 
and R P O are proportional, you may deal with them both joyntly to 
find P R ; For, | 


R Ee As 
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P L ATN « = 
As the Sine of B O 64d. 41 m.Hypot. |: T.:..- NOR 9:556t5 
To the Sine of N O 60 deg. - Le in Tring 203008 


S is the Sine of P O 20 d. 18 m. Hypot.\  ->.:..- pgp $54925 
To the Sineof R P x9 d, 25 m.P > in Triang 


— _—— 


19-47778 
9.52163 


3. For the diftance of the Subflile from the Meridian RO. 
As the Co-Sine of RP 19 deg. 25 min. - 997457 


To the Sine of PR O Radius go deg. | '  10,00000 
So is the Co-Sine of P © 20 deg. 18 min. 9.97215 


To the Co-Sine of R O 6 deg. 2 min. 9.99758 
Which 6 deg. a min. is the Deflexion, or Subſtile's diſtance from the 
Meridzen. : 
4. For the Phairys Difference of Longitude PR O. 


As the Sine of P O 20 deg. 18 min. | 9.54025 


To PR O Radws ; I 0.00000 
Jo is the Site of R O 6 deg. 2 min. 9.02163 


_ — 


To the Sie of RPO +7 deg. 38 min. | 9.48138 
W hich 17 deg. 38 min. 1s ho P! ins difference of Lonoitade. ys 
—— — This 17 deg. 38 min. is but 
32] one Hour, and 2deg.. 38 min. 
of the Equinottial over, it de- 
notes { the Plain declining E:ft- 
ward )that the Stile nd ſtand 
between the Hoursof 10and 11, 
a ſmall diſtance beyond ro : 
Wherefore, - prepare your Table, 
and fet down all the Hours the 
Plaiz is capable to receive, as 
from 5 in the morning till 4 in 
the Afternoon ; and between 
the Hours of 10 and 11 write 
Sut-ftile,and under it, the 2 deg. 
38 min. remaining, which ſub- 
ſtrat from 15 deg. and the re- 
mainder 12 deg. 22 min. ſet over 
Sub-ſtile, and by che continual 
additionof 15 deg. to theſe num- 
_ _ _ below the word 
Swb-ftile ; you {hall uce ſuch 
N «robe thoſe my Second 
Column of this Table are, 
Now for the Howr-Diftances 
upon the Plain, they are found 
by the uſual Caron, viz, 


As 


—— OS ESE 


_— —_ 
i 


x 


S 


(= 


nation) from C towards B, at N ; and from D towards W, atS, be- 


DIALLING. 


As the Radius go deg. 10.0000d 


— 


So is the Tan. of 424. 22 m. 8andg4aClock 9.95002 
Tothe Tangent of 16 d: 25 m. the trug diſt. of thoſe Fi 


To the Sine of the Stile's oy A rg deg. 25 inin. 9.52191 


Hours upon the Plain from the Sabſtile | 948173 | 


And fo for all the reſt of the Numbers in the Table: And ha 


4 
found all the Regaiſites, you may by a Scale of- Chords transfer _— 


and the Hour-diſtances 6 from this Table to your Plain. 


CHAP, XVIL 


How to draw the Hour-Lines upon North Declining 
Reclining Plains. 


S there were Three Varzeties in South _— Plains which 
AA Don fo are there as my in North Decliners Reclining ; 

for to any Declination a Reclination may . be fitted, that- t 
Pliin ſhall paſs by the InterſeQion of the Meridian with the Equinottial 
Circle. Or the Reclination may be ſuch, that the Plain paſs 
beween the Zenith and the Equator. —— Or, it may recline ſo, 
that the Plain ſhall paſs between the Equator and the- Horizon : Ex- 
amples of all theſe Yarieties follow in order . 


I. The Firft Variety : Of North Declining Reclining Plains, 
The Plain paſſing through the Interſection of the Meridian 


with the Equinocial. © © 
I. By the Projeion. 


Our Firſt Example ſhall be of a North Plain declining Weſtward 


bo deg. and Reclinizg from the Zenith 32 deg. 11 mm 


Firit, Draw a Line A B, repreſenting the Baſe of your Reclining 
Plain, and another at right angles thereto, as C D, for the Vertical 
Line of the Plain, croſſing each other in Z.—— Upon Z, deſcribe a 
Circle, and upon the Periterie theteof, ſet 60 deg. ( the Plain's Decli- 


cauſe the Plain Declines Weſterly; and draw the Line N S for the Me- 


ridian of the Place, and fo finiſh your Projection. 


Secondly, Take 32 deg. 11 min. from your Scale of Half Tangents, 
and ſet it Su Z.to G, upon the Line CD ; ſo ſhall G be the pozzr in 
the Vertical Line, Godoy which the Plain muſt paſs. Alſo, take 


the Half Tangent of 57 deg. 49 min. the Co-Reclination, and fer it 
from Z. to Q, upon the Line C D alſo ; fo ſhall Q be the Poſe of the 
Plain : And the Secant of 57 deg. 49 min. the Complement. of the 
Reclination, being ſer from G, upon the Lins D C extended, will give 
the - Center whereby to deſcribe the Plain A G B. 


Thirdly, 


bY 
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- "Thirdly, Through P, the Pole of the World, and Q the Pole of 
the Plain, deſcribe an Arch of a Great Circle ( by-the 13th Problem 
of the Introduction ) which you ſhall find to be the fame with the Hour- 
Circle of Six, and therefore the Hour-Line of Six will be the. Subſts- 
lar line of the Dial, and the Pole of this Circle ( by the latter part 
of the Fourth Chapter hereof ) will be found at A, the very point of 
the Interſe&tion of the Meridia» with the Equinottial. 


Fourthly, The Requiſites belonging to this Plain are Four ; as in 
South Decliners Reclining ; v1z. 


1. The Diſtance of the Meridian from the Horizon, _—_ > 
2. The Height of the Pole or Stile above the Plain, c P 1<4PR: 

3. The Subſtile's Diſtance from the Meridian, I A R. 
4. The Plain's Difference of Longitude, y 


All which by the Projed#ioz may be thus eaſily found. 


1, For A A, Lay a Ruler from Q to A, it ſhall cut the Plain in 4, 
the. Diſtance from A to «4, meaſured upon a Scale of Chords, will be 
47 deg. 18 min. for the Diſtance of the Meridian from the Horizon. 

2, For PR, Lay a Ruler from q to R, it will cut the Circle in 6b, the 
Diſtance N 6b, meaſured upon a Scale of Chorgs, will give 42 deg. 52 m. 
for the Height of the Pole or Stile above the Plain, 

. For K R, A Ruler laid from A to R, did cut the Circle inb, and | 
laid from X to Q, it will cut the Circle in c, the Diſtance from btoc 
will be found to be juſt go deg. for the Sub#ile's Ditance from the Me. 
ridzan, | 

4. For QP A, or A P R, that 1s alſo go deg. for the Plain's Diffe- 
rence of Longitude. For it is obvious from the Projettion, that all the 
Sides of the Triangle Q A. R, are all Quadrarts, and all the Angles by 
conſequence Right Angles. 


The Reguiſites being thus found, the Hour-Diſtances may be found 
as in other Plains, by laying a Ruler to Q, and the ſeveral Points where 
the Howr-Circles croſs the Plain, and where the Ruler cuts the Primitive 
Circle, make marks or * * *, and through them, from 7, draw” right 
Lines for the Hours. 

In this Dial the Hour-Line of 6 is the Subſtile, and the Hour-Line 
of 12 is go deg. diſtant from it, ſo that they crofs each other at Right 
Angles, as in all Dire& Plains they do. And this Dza/ is no other than 
an Horizontal Dial for the Latitude of 42 d. 52 m. if you change 
the naming of the Hours, calling 6-12 and 5-11, &c. 


II. By Trigonometrical Calculation : 
To find the Requiſites. 


1. For A &, the Diſtance of the Meridian from the Horizon. 


In the Triangle Z G A, right-Angled at G, there is given / 1 } Z G 
the Plain's Reclination 32 d. 11 m. (2) the Angle AZ G the Pl:iz's 
Declination 60 d. (3) the right Angle ZG A, by which vou may fnd 

AG. Thus, AS 


UW we ww, we 


DIALLING. 


As Radius go deg, | 10.00000 
To the Tangent of ZZ G 60. the Declination 10.23856 
So is the Sine of ZG 32 d. 11 m. the Reclination - 9.72642 
To the Tangent' of AG 42d. 42 m. 9.96498 


Whoſe Complement 47 d. 18 m. is the Diſtance of the. Meridian 


from the Horizon. 


2. For PR the beight of the Pole above the Plain. 


ſtances againſt their proper Howrs ; 


In the Quadrantal Triangle P XR," | 
As the Sine of A G 42 d. 42 m. 


To Radius A. R 'þ deg. 
So is the Tangent 0 


' To the Tangent of PR 42 d.*5 


2 M. 


7G 32 deg. 1x min. 


9.83133 


- 10,00000 


9.79887 
9:96754 


i 


Which is the height of the Pole or Stile above the Plain 


3- and 4. For the other two Reguiſites, the Diſtance of the Subſile 
from the Meridian R A, and the Plair's Difference of Longitude QP X 


or Z P R, they are either of them go deg. as is evident in the 


Projection. 


And for the FHoar-Diſtances 
they are calculated as the Hour-Di- 
ſtances for an Horizontal Dial, 
whe:efore prepare a Table as is here 
done, ſetting the Equinodial Di- 


And then by the general Analogy 
or Proportion ſay, 


As Radius go deg. £0.00000 | 


To the Sine of 42 d. ? 


Hours from 
Noon. 


52 min. the Stile's 09.83 270 
height 
So is the Tang,of 15 d.&c. 9.42805 


To the Tangent of 
iod. 20 m. 5 9.26075 


For the rwo firſtHours from Six, 


the Subſtile of and 7 on either 
= - and ſo for allthe reſt, as in the 
le. 


m4 I» Wy þÞ wr 
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IE. The Second Variety: of North Las mg. Reclining Plains, 
where the Plain paſſeth between the Zenith and the E- 
quator, 


. 


I.. By the ProjeQtion. 


Figure Et this Second Example be' of a North Plain, declining Weſtward 
SEL: 60 deg. and Reciinign from the Zenith 16 degrees. 

Firſt, draw a right Line AB, for the Baſe or Horizontal Line 
of your Reclining Plain, and at right Angles thereunto another C D, 
tor the Vertical Line of the Plain, croſſing in Z: — Upon Z delcribe a 
Circle, and upon it from C to N, and from D to S, ſet the Plain's De- 
clination 60 d. drawing the Line N S for the Meridzan of the Place — 
Upon which ſet off the Pole of the World at P, and in the Circle pro- 
ject the Sphere. 

Secondly, Take the half Tangent of 16 deg, the Plain's Reclination, 
and fet it from Z. to H, fo thall H be the Porrt in the Vertical Line 
C D, through which the Reclining Plain muſt pats: — Allo the half” 
Tangent of 74, the Complement oft the Plain's Keclrnation, being fer 
from Z upon the Line CD, ſhall give the PointQ, for the Pole of the 
Plain And fo have your three Points, namely, A, H, and B, through 
which the Reclining Plain mult paſs. The Secant of the Co-Recl:nation, 
being fer from H, upon the Line C D extended, will give you 
the Center whereby to deſcribe it. 

Thirdly, Through P the Pole of the World, and Q the Pole of the 
Plain, draw the Arch of a Great Circle (by the 13th Prob. of the In- 
troduttion) and find the Pole thereot, which will be at q, where the 
Plain crofleth the Equzinodtial Circle. 


Fourthly, Find the Four Regquiſites relating to this Plain, viz. 


epre- 
enred 


3. The Defiexion or Subſtile's Diſtancefrom the Meria by 


4. The Plain's Difference of Lone itude, 
All which by the Prejeioz may be thus fourd. 


1. The Diſtance of the Meridian from the Horizon, 
2. The Dies of the Pole or Stile above the Plain, : 


1. For AQ, A Ruler laid fromQto O, will cut the Primitive Circle 
in 4, and the Diſtance A a, 64 deg. 29 min. is the Meridizn's Diſtance 
from the Horizoz. | 

2. For PR, a Ruler laid from q to R, will cut the Circle in6, and laid 
from q to P, it will cut the Circle in c, the dittance between c and 6, 
3o d. 59 m. is the Height of the Pole or S::le above the Plaim. 

3. Fo: R O, A Ruler laid from Q ro O, d:d cur the Circle in , 
and. now laid trom Q to R, it will cur the Circle in d, the diſtance 
« a, 64 deg. 26 min. 1s the Deflexi.n or S«bfile's Diſtance from the 
Meriaan. 

4. For OPR, A Ruler laid fremP toe (where the Arch of the 
Great Circle Q P R crofleth the Eauizcd#;z! Circle ) ſhall cur the 
Circle in h, the DuttanceS + 76 deg. 10 min. is the Plains Difference 
of Long itude. 


;#tbly 


DIALLING. 


Fifthly, For the Hoar-Diſtances, they are found in all reſpeQts as 

in Þr =. Plains, by layin Y Ruler to Q, and the ſeveral Points 

' where the Howr-Circles croſs the Plain B H A, and where the Ruler 
cuts the Primitive Circle rake marks or * * *, and from Z, thr 

thoſe marks, Lines drawn ſhall be the Hour-Lines. 


IT. By Trigonometrical Calculation. - 
The firſt thing to. be done js to find the Requiſites. 
' 1. For AO, the Diſtance of the Meridian and Horizon. 
In the Right Angled Spherical Triangle ZH O, Right Angled at H, 
there is . (1) F he Side ZH 9 gf the” Reclnation. ( ;/ Fn 
Angle at R. — 


Angle H Z O 60 deg. the Declination, (3) Right 
To find the Side A QO, : 


As Radius R go deg. 10,.00000 

To the Sine of Z H 16 deg. 9.44034 

So is the Tangent of H Z O 60 deg, | 10.23856 

p To the Tangent of H O 25 deg, 31 min. W 9.67890 

h Whoſe Complement AO 64 deg. 29 mia. is the Diffaxce of the 
0 Meridian from the Horizon. 


i 2: For PR, which muſt be found in the Triangle P R O. 


In which there is not yet- enough given, wherefore you muſt get 
the Side P O, by reſolving the Triangle H O Z. Thus, 


As the Sine of H Z O the Declination 60 deg, 9.93753 


— 


Is to the Radius go deg. | I0.00000 
So 15 the Sine of H O (the Arch before found) 25 d. 31 m. 9.63425 


TotheSine of Z O 29 deg, 5o min. | 9.69672 


Unto which 29 os; 5o min. if you add ZP 38 deg. 28 min. the 
ſum will be 68 d. 18 m. and fo have you the whole fide P O. 
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id Now the two Triangles, O Z H, and R O P, being proportional, 


6, | the SidePR may be thus found, 


a AstheSineof O Z 29 d. 5 Hyp tad 
e Sine © 29 d. 5o m. Hyp.t. TI 

he To Sine of 5S- 16 bz pg. yin Tran. ZHO 4 14. 
SO1S Sine of O P 68d. 18 m. Hyjp.l. + 9.90507 
To Sine of P R 3od. 59 m. Per in Tran. P RO 


my 19.40841 
Ace 91 1164 

Which 3o deg. 59 min. is the Heizht of the Pole or Stile above 
bly the Plais, 


- 3. For 
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4. For O R the DefleQtion or Subſtile's Diſtance from the 
Meridian. _ 


In the two former Triangles the Sizes of the Baſes, and the Tangents 
of the Perpendiculars being Proportional, work thus, 


Lg 9-45749 
As the Tangent of ZH 16 deg, Perpend.. +. | 
Is tothe Sine of HO 25d. 31m. Baſe yin Trian. ZHO 9.63425 


So is the Tang. of P R 30d. 59 m. Perp.1.;: 9.77849 
Ts the Sine of R O &4'& 36 in; Baer the Tri. ZRO_—— 
El 19.41274. 
hn Pf -, 9-95525 
Which 64 deg. 26 min. is the Deflection, -or Subſtile*s Diſtance 
from the Meridian. 


4. Fr OPR, the Plain's Difference of Longitude. 
As the Sine of P R 3o deg. 59 m. the Stile's Height 9.71163 


'To the Sine of godeg, the Radius -  10,00000 
So is the Tangent of R O 64 deg. 26 min. the Deflexion 10.32020 


—— 


To the Tangent of R P O 76 deg, 10 min. 20.3 2020 


10.60857 
Which 76 deg. 10 min. 15 the Plair*s Difference of - Longitude, 


s. For the Hour-Diſtances, the Plain's Difference of Longi- 
tude being 76 deg. 10 min. 


Dp 72 In this Diſtance is contained five 

Declination oo] compleat Hours, and 1 deg. 10 min. 
R eclination oo! more, wheret ore the Stile muſt 
ſtand between the fifth 'and ſixth 
Diſt. Mer. & Hor. 29] Hours from the Meridian, Prepare 
Stile's height 59| therefore a Table as here. 'is done, 
Deflection 4 26| and write down all the Hours, and 
Differ. of Long. 10] between the Hours of 5 and 6, or 


6 and 7 ( which are all one, accord- 


oi _ Fol ing as the Plain declines Eaſtward 


or Weſtward) write Swbſtzle; and 
ore tuo ſtances. + + tap | under it, the remainder 4) Io Mm, 
ile. be” 5 i Is againſt 7 and 5, which ſubſtra&t 


from 15 deg. and there will remain 


29 50 13 deg. 5o min. Which write over 
73 + 50 Subſtile againſt the hours of 6 and 6. 
'$ 50 And fo, by the continual addition 
50 of 15 deg. ro the numbers next above 
50 and below Sabſtile, you ſhall produce 
ſuch numbers as this Table affords 
in the ſecond Column thereof: from 
which numbers, which are Equi- 
g| #ottial diſtances, the Trae hour-di- 


ſtances upon thePlain may be collected 
by this Proportion. | 


AS 


— —— TH — ——_—_— WW % 


Py 


I 5 rs ts hs | 


<6 > D 


for the Meridian of the Place, upon 
' the EquinodiaÞs interſeCtion therewith ; and Proje? the Sphere within 


 DIAELIVNG 


As Radius go deg. «+ oe  T0.00000 


To the Sine of zo deg. 59 min. the Stile's height 2 9.71 16 
$0 is the Tangent of 88 deg. 5o min. the firſt Equi. Diſt, x 4 5x4 


To the Tangent of 87 deg. 44 min. . | 11.4027; 


Which is the true Hour-Diſtatice of the Hours of One and Ele- 


ven upon the Plain from the S»bſtile : and fo ne Foy all 
the reſt, you ſhall produce ſuch numbers as the rhird Co- 
lumn of the Table aftordeth, which may be transferred from 


this Table by help of a Scale of Chords ; and fo is your Dial 


finiſhed 


III. The Third Variety of North Declining Reclining 
Plains, where the Plain paſſeth between the Equator and 


the Horizon. 


. By the Projeion. 


| ()* Third and Laſt Example ſhall be,af a North Plain, Declin- 


ing Ea ;/tward 60 deg, and Reclining from the Zenith 54 deg. 

Firſt, Draw a tight Line A B for the Horizontal - Line, or 
Baſe of the Reclining Reclining Plain, and croſs it at Right Angles in 
Z, with another Right Line C D, for the /ertical Line of the Plain — 
Upon Z, deſcribe a Circle, and upon it, from C to N, and from D to 
S, ſet 60. deg the Declination of the Plain, and draw the Line S N 
which fer off P the Pole, and XK 


the Circle WNES, as formerly. 

Secondly, Take the half Tangent of 54 deg. the Plain's Reclination, 
and fet it from Z to F, fo ſhall F be the Point in the Vertical Line 
CD, through which the Reclining PJain muſt pals, Alſo the, Half 
Tangent of 35, the Co-Reclination of the Plain, ſet from Z upon the. 
Vertical Line C D, ſhall give Q for the Pole of the Plain. — And now 
you have three Points, A, B, and F, whereby to draw the Reclining 
Plain, and the Secant of 36 deg, ſet from F upon the Line C D, will 
give the Center whereby to deſcribe it. * 


. Thirdly, Through Þ and Q, the Pole of the World, and the Pole 


of the Plain ( by the 12 Problem of the Introdution ) draw the Arch 
of a Great Circle QP R, and find the Pole thereof, which will be ar 
q the interſe&tion of the Plaiz with the Equinotial Circle. 

Fourthly, You muſt next find the Four Requiftes belonging to this 


_ Plain, viz. 
t. The Diſtance of the Meridian from the Hoyizon A O. 
2, The PY ht $f Pole or Stile al ove the Plain, aug PR. 
3. The Deſedio or Subſtile's Diſt. from the Merid, C © YOR. + 
4. The Plaia's Difference of Longitude, 7 OPR 


oh | | t. For 
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1. For A O, A Rule laid from Qto O, will cut the Circle in a, 
and the Diſtance A a meaſured upon the Scale of Chords, will be 35 deg. 
31 min. for the Diſtance of the Meridian from the Horizon, 

2, ForPR, A Ruler laid from q to P will cut the Circle in 6, and 
laid from q to R it will cut it in c, and the Diſtance b c meaſured upon 
the Chords will be 54 deg. 43 min. for the Height of the Pole or Stile 
above the Plain. | 

. For OR, A Ruler laid from QtoO, did cut the Circle in s, and 
laid from Qto R, it will cut it in e, ſo the Diſtance 4 e is 123 deg, 
19 min. for O R, whoſe Complement to 180 deg. is 56 deg. 41 min. for 

'R X; the Diſtance of the Subſtile from the Meridian. 

4. For OP R ( or rather its Complement OPQ, equaltoXPR) 
A Ruler laid from P toL ( where the Great Circle QPR cuts the 
Eguinottial Circle ) will cut the Circle in k, fo the diſtance S h 61 deg, 
17 min. is the Plair's Difference of Longitude. 

5. For the Honr-Diftances, they are found by laying a Ruler from 
Q to the ſeveral interſeftions of the Howr-Circles of the Projettion 
with the Reclining Plain, and where the Ruler cuts the Pramitive 
Circle, make marks or * * *, through which Points or marks, if you 
draw Lines from the Centre Z, they ſhall be the true Hour-Lives 
for this Declining Reclining Plain. Fong 


I. By Trigonometrical Calculation. 


"The firſt thing to be done is to find the Requiſites, and they will | 
be all found in the three Spherical Triangles Z FO, OPR, and 
BNX. | 


1, For AO, In the Triangle ZFO, there is given (1) ZF the 
Plain's Reclination. (2) OZ F the Plaiws Dechination, and (3) The 
Right Angle at F. To find OA, or its Complement O F, 


As the Radius go deg. ' I0.00000 


To the Sine of ZF the Reclination 54 + 4 TS 9.90795 


So 15 the Tangent of O Z F, the Declination, 60 10.23856 


Tothe Tangent of FO 54 deg. 29 min. 10.14651 


Whoſe Complement is A O 35 deg. 31 min. for the Subſtile's 
Diſtance from the Meridian. 


2. For RO, In the Triangle OPR there is not yet enough given; 
therefore, Firſt find the ſide ZO in the Triangle OZ F. 


As the Sine of the Plain's Declination O Z F 60 deg. 9.93753 


To the Radius go deg. | '* 10.00000 
So is Sine of Diſt. of Mer. and Hor. O F 54 d.29g m. - 9.91059 


" To the Sine of Z © 70 deg. 2 min. by 9.97 306. 
Uato this 70 deg. 2 min. add Z P 38 deg. 28 min. the ſum is 
108 deg. 3o min. 


| 


Then | 


cn 


DIALLING. 


Then by the two Proportional Triangles O Z F and O P R. : 


As the'Sine of O 7 70 d. 1 m. Hypotenuſe in the Tria, 9; 
To the Sine of ZF 54 d. ont rar + OFZ , 997397 


So Co-ſine of P O to 180-71 d. 3o m. Hp. 7 inthe Tri, 990796 
To the Sine of PR 54 4. 43 m. Perpendicular S OPR 9-97696 


19.88492 
9.91185 


Which is the Height of the Pole or Stile above the Plais. 


3. ForRO, or its Complement R X, Continue the ſides OP and 
OR of the Triavzle OPR, and you ſhall conſtitute another Tri- 
argle N X B, and then the Proportion for finding R O will be; 


As the Tangent of Z. F the Reclination 54 deg. > +04 3874 
To Sine of F O, Co-diſt. of Mer. and Hor. 54d. 29 m. 9.91059 
So is the Tangent of P R, the Stile's Height 54 d. 43 m. 10.1502x 


To the Sine of R X 56 deg, 42 min. 20.06080 
9.92207 


Which 56 deg. 42 min. is the Subſtile's Diſtance from the North 
part of the Meridian, whoſe ng vow wen to 180 deg. is 
123 d. 19 m. its diſtance from the South part thereof. | 


4. For the _ OPR, orits Complement RPX; 
As the Sine of P R, Stile's Height 54 deg. 43 min. . 9.91184 


To Tan.of R X, Subſtile's diſt. from Mer. 564.42m. 10.13851 
So is the ſine of PR X, Radws go deg. 10.00009 


F wh TT SY on” — 


To the Tangent of R P X 61 deg. 48 min. 10.27067 


—— — — —— — — — 


R P X being 61 deg, 48 min. is the Anple counted from the North, 
therefore the Azgle O P R, the Complement to 180 deg. is 
118 deg. 13 min. the Plain's Difference of - Longitude reckoned 


from the South. | 


Theſe things prepared, I proceed to make the Table for the Howr- 
D:ſtances from the Subſtile, wherein conſidering that the Angle P, the 
Plain's Difference of Longitude 1s 118 deg. 12 min. reckoned from the 
South, whereof go deg. is anſwerable to 6 Hours, and 105 to 7 Hours, 
and there is yet remainmg 13 deg. 13 min. it is evident, for the Sab- 
file muſt be drawn between the Seventh and Eighth Hour from the 
South part of the Meria;an, or between rhe Fourth or 'Fifth Hour 
reckoned from the North part. 

Wherefore ſet the Hours down as in the Table, and between the 
Hours of 4 or 8, and 5 or 7, write S«bſiz/e, ſetting the remainder 
31 deg. 13 min. under Sbſtile, and the Complement thereof to 1 5 deg. 
viz, 1 deg. 47 min. over Subſtile, and by the continual addition of 
15 deg, to both theſe numbers, you ſhall produce the Equirodtial Di- 


ſtances 
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ne | ances as in the Second Column of 
. =. = FT able: And thas by the gene- 

Reclination oo { ral Canon, will help you to the true 
Rec — | Hour-Diſtances upon your Plain. 
Diſt. Mer. & Hor. 31] For, | 

ile's height 43 hs | 

Nefletion : 9 As Radws' go - 10.00000 

| oy \ 118 I To the Sine of 54 d. 7» 

Differ. of Long. \ "us 3 5 e 9.91186 


74 43 m. the Stile's 
— Height | 
| Ec : So is the Tang, of 28d. 
Hours x 3 m. the Equi. Diſt.” 9.72963 
[from the | for 6 a Clock 
ubſtile. AS BN 5 — 
. Tothe Tang. of 23 4 9.64148 
39M. _ ge 
Which is the true Diſtance of 
the Six a Clock Hour from 
the Subſtile of the Dial. 
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And thus continuing this Propoy- 
tion through all the Equinottial 
; Diſtances, you will in the end have 

"5 ſuch numbers to every Howr as the 
"yY third Colamn of the Table ſhewerh, 
"313 which are the true Howr-Diftances, 


7 + | counted from the Subſtzle upon your 


21 13 | Plain. 
The Meridian, Horizon, Subſtile and Hour-Diſtances may be tranſ- 


ferred from this Table to the Dial-Plain at pleaſure, by help of a 
large Chord and Beam-Compaſſes. 
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CHAP. XIX. 


Of Dial Plains, and how one Plain may be deduced from ano- 
ther, a North from a South, an Eaſt from a Weſt, a North 
Decliner from a South Decliner ; and all Inclining Plains 


from Recliners oppoſite to them, 


S there were Six Varieties of Dire& Reclining Plains, and as 
many of Recliners which do alſo decline ; fo there are as 

_ of both ſorts which do Incline, and Incline and. Decline alſo ; 
of all which it may be expected I ſhould give particular Examples, as 
of North and South Dire& Recliners, and North and South Recliners 
which do alſo decline. Bur for as much as- a Dire& North - 
Dial may be deduced from a DireCt South Dial, and a Dire& Weſt 
Dial from a Direct Eaſt Dial ; as by Chap. VIII. Fig. II and I1T, and 


Chap. 


Chap. IK. Fig. IV, and V. of this TraQate do plainly demoriſtrate: $6 
from a South Declining Plain, may a North Declining Plain alfo, be 
deduced; and this is alſo demonſtrated in Chap. XII, Eigare VI and VII, 
at the end of which 12th Chaprey I uſe theſe words, ©* From this South 
« Plain declining Weſt, a South Dial is alſo Declining Eaſt zo deg. 
©* turning of the Eaſt ſide to the Welt fide, and the contrary; and by 
« changing the names of the Hours, by calling 11 One, 10 Two, 
« 9 Three, &c. Alſo 1 Eleven, 2 Ten, 3 Nine, &s. The Fore- 
« noon- Hours in the Weſt Declining Dial being the Afternoon 
« Hours in the Eaſt Declining Dial, and the contrary] Now 
becauſe theſe kind of Dials, are of all other moſt common in uſe, , 
and to make them the more conſpicuous to every Mans Eye , I have in | 
this Chapter, Figare XXIII, made Four Dials together, all of them de- f - EY 
duced from one Dial, namely, A South Declining Eaſt and Welt 3o deg. X&IT 
and a North Declining Eaft and Weſt as much, only placing the num- : 
bers of the Hours and Stile reſpeQively upon each Plain, In which 
XXIIL Figare, you may plainly ſee, that there is no difference at all 
. between the South declining Eaſt, and the South declining Weſt, but 
that the Forenoon Hours on the Left. Hand of the Meridian in the 
Eaſt Dial, are become the Afternoon Hours, and on the Right Hand 
of the Meridian in the Weſt Dial, and the contrary. e Stiles of | 
the Dials alſo, muſt of neceſſity change _ their places, for the Stile 
which in the Eaſt declining Dtal ſtands between the Hour Lines of 9g 
and 10 in the Fore-noon, ſtands between the Hour Lines of 2 and 3 in 
the Afternoon And in this XXIII Figaere you may alſo obſerve 
that each North Dial is formed out of its correſpondent South, by 
only drawing of the Hour Lines, Stile and Subſtile, of the S6uth 
Dial through the Center. And ſo is the North declining Weſt Dial 
odeg. deduced from the South declining Eaſt Dial 3o deg. And the _ 
North declining Eaſt Dial, out of the South declining Weſt And 
from hence it followeth of neceſſity, that the South ſide of the Plain 
declining Weſt, the North ſide thereof declineth as much towards 
the Eaſt, and the contrary. And this alſo holdeth 1n all other Dials, 
as ſhall be made appear. For, "0 | 
In the 14th Chapter of this Trattate, Figure IX, you have an Eaſt 
Incliner, deduced from a Weſt Incliner - In Chapter XV Settion 2, 
Figure XT, You havea North Inclining Dial 25 deg. deduced from a 
South Dial Reclining as much, namely, 25 deg. — Alſo Chap. XVT, 
Seft. 2 and 3, Fig. XIV and XV ; by the former Artifice may two 
South Incliners be deduced from the two North Recliners, alth 
1s I Lines are not drawn (becauſe the Hour Lines, proper for the Recli- 
ners, do occupy both parts of the Plain, above and under the 
Hours of Six ) yet the reaſon of effefting what is here intended, may 


- T6 


be caſily conceived. 


Again, In this Chapter Figure XXIV, You have a North Reclining Fjzare 
Plain declining Weſtward 60 deg. And if from thence you would xSIV. 
make a South Inclining Plain — 3o deg. the very f ht of the 
Ficure is enough to inform you. But leaſt any doubt ſhould ariſe, Let 
A 3,4, 5, 6, 7, 8, be the Hours of the Recliner, and D S the Stile 
thereof, which drawn through the Center to E, take the diſtances 
ot each Hdur from D, and ſet them from E, the Hours under Dabove | 
E, and the contrary; or elſe draw them all through the Center, Stile 


U and 


14 PLAIN DIALLING. 
and all, to the oppoſite ſide of the Plain, as you did the Subſtile, and. 
ſet the ſame Numbers to the Hour-Lines continued that were in the 
Recliner, ſo have you made the Inclining Dial to the ſame Plain, which, 
notwithſtanding, fnuſt be prickt through the Paper, and taken on the 
other ſide thereof. — And here you may obſerve how the two Dials 
are divided one from the other. The Center of the Recliner down- 
wards, and the Axis SF, with the Hours pointing upwards to the 
North Pole, and the Axis NG, with the Hours thereof, pointing 
downwards towards the South Pole, and the whole Diurnal Arch of 
16 Hours ſupplied. by the two Plains; the Incliner receiving the Sun 
at Four in the Morning, and the Recliner continuing the ſame till Eight 
at Night, and when the Sun forſakes the Inclining Face, it illuminates 
the Reclining or upper Face—And for further Satisfaftion and Expla- 
nation of what in this Chapter hath been delivered, Let the upper 
Face, or the Recliner A SF, be turned about till it become the neather 
part, or the Incliner B N G, and after this converſion, let the Hour- 
Lines on the right hand of the Subſtile near D in the Recliner, be 
made the Hours on the left hand of the Subſtile, near E, in the Incli- 
ner; and the contrary, which may eaſily be done, by ſuppoling 
AF S to be carried about the Center S Horizontally (with the reſt of 
the Dial) till F become placed in G, and A inB, and then you - ſhall 
ſee the Incliner is the very ſameas the Recliner was, and fo by conlſe- 
quence the one formed out of the other. 
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SUPPLEMENILI 

| TO THE 5 + & 
FIRST TRACTAT EE 
SHEWING 

A General and Eafie Way to Projeft Hour- 

Lines upon all Sorts of Plains, according to 


the Rules of Stereographick or Czrcular Pro« 
jeQtion of the Sphere in Plano. 


Lines upon all forts of Plains, how much and in what La- 
titude ſoever fituate, by Projet#i#ng of the Sphere ſuitable 
to the Latitude of the Place where any ſuch Dial «is to be 
made ; and diſcovered thereupon the Spherical Triangles, whereby 
the Requiſites belonging to every Plain may be Calculated by the Car- 
ens of Artificial Sines and T angents, (which of all others, is the moſt ex- 


f= in the foregoing Tra#ate ſhewed how to deſcribe Hour- 


1 
bs, 


75 


at and abſolute way of 4 nigacant it may ſeem unneceſflary to ſay any 


thing more concerning that matter in this place, . - | 

But, foraſmuch, as 1t is there required firit to Projet the Sphere upon 
the Horizon of the Place, and deſcribe the Meridians and Howr-Circles 
thereupon ; and then the Great Circle which is to repreſent the Plazn: 
I ſhall here ( to expreſs the more variety in Proje#ion, and) for the 
ſatisfaQtion of the more :nquiſttive Reader in this matter ; briefly diſco- 
ver unto him, how to deſcribe Howr-Lines upon all ſorts of Plains (ac- 
cording to the Rules of Stereographick Projettion) without the drawing 
of the Meridians or Hour-Circles upon the Projetion : but by makin 
the Fundamental or Primitive Circle to repreſent the Dial-Plain 1t 
ſelf, what ever it be ; whether Horizontal, Vertical, Diret#, Declining, 
Reclining or both ; giving Examples in all the Varieties of Plains mentio- 
ned in the foregoing Trattate. | 

And to paſs by the Eight firſt Chapters of the faid Tratate as conſiſting 
of ſuch things as are common to ali ſorts of Projettions of the Sphere, 
and toall kinds of gas whether, Arithmetical, Geometrical or Inſtru- 


mental, T ſhall begin with the Example in CH A P. IX. which is, 


"SRET. 


SUPPLEMENT to the 
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SEC; L 


How to draw an Horizontal Dial in any Latitude : viz. Lon: 
dori, whoſe Latitude is 51.4, 32 m. 


Pon Q , as a Center, deſcribe a Circle to repreſent your Horizon- 

tal Dial Plain: And croſs it with the Diameters N S, for the Me. 

ridian and Hour Line of 12, and WE for the Hour Line of 6, croſſing 
each otherin Q , the Cerxter of the Dial Plain. | Oe 

Then, the Latitude being 51d. 32m. take 5x d..32 m. out of your 
Scale of Chords, and et them from S to a, and from W to 6, a Ruler 
laid from W to 4, will cut the Meridian 1n P, the Pole of the World [or 
The half Tangent of 38d. 28 m. [the Complement of the Latitude being ſet 
' from Q., will give the ſame Point P, for the Pole of the World] Alſo, a Ru- 
fer laid from E rob, will cut the Meridzan N S in A, the point of the 
interſettion of the Meridian and Equinodial [ or, The half Tangent of 
the Latitude 51d. 32m, ſet from Q, will give the ſame Point ] And now 
you have three Points, viz. W A E, through which you may draw the 
Equinditial Circle W A, E, whoſe Center 1s at C, and the Semidiame- 
ter thereof A C, equal to the Segant of 38d. 28 m. the Complement of 
the Latitude. 

This done, Divide the Semicircle W N E, into 12 Equal Parts, at the 
Points-© © ©, .&c. Then laya Ruler to Q, and every one of thoſe 
Points © © ©, and the Ruler will croſs the Equinodial Circle WA E, 
in the points x Xx x, &c. dividing it into 12 unequal parts. Again, Lay 
a Ruler toP, the Pole of the World, and to ny of the Points x x x, 
&c. and it will cut the Circle W N E (reprelenting the Horizontal 
Plain) in the Points 1, 2, 3, &c. on one fide of N, and in 11, 10, 9, &c. 
the other (ide. 

Laſtly, From the Center Q, and through thole Points x, 2, 3 : 9, 10, 
11, &c, draw Right Lines, and they {halt be the true Hour Lines pro- 
per for an Horizontal Dial for the Latitude of 51d. 32m. | 


For the Stiles height (which is always equal to the Latitage of the 
Place) and for the placing of at, ſee the gth Chapter. 


The Xth Chapter is, To make an Eret Dire South or North Dial: 
Now a South or North Dial in any Latitede, 1s no other than an 
Horizontal Dial in that Latitude which is equal tothe Complement of 
-the other Latitude, ſo an Erei Dirett South Dial tor the Latitude of Lon- 
don $1 deg. 32m. is noother thenan Horizontal Dial made for the Ls- 
titude of 38 deg. 28 min. And may be made by the Artifice deliver'd 
in this Seion. - ; 

The XIth Chapter is, To deſcribe Hour Lines upon an Erett Diret 
Eaſt or Weſt Plain — Eaſt and Weſt Dials in all Latitedes are the 
ſame, and may be made by the Rules delivered in the 1 1th Chapter 
with this Caution only : That the Equizodtial Line G H in thole Figwres, 
mult make an Angle with the Horizontal Line of the Plain DC, equal 
to the Complement of the Latitude of the Place for: which the Dzal 1s 9 
be made. Res $EC-L. 
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How to deſcribe Hour Lines, upun an Erect South or North 


Plain, Declining Ea$ or We#t. 


'N the Latitude of London, which is 51 deg. 32 tnin. Let it be re- 
quired to make a South Erett Dial, Declining Ea#t or Weft 30 

degrees. . 
Fhisis the Work of C H A P. XII. And ſuch a Dial may be made 

by this way of Projettion, by theſe Rules following. - - 

Firſt, Upon Q, as a Centre, 'Deſcribe a Circle to repreſent your 


Upright Declining Plain, G . croſs 1t with the two Diameters ZQ XN, 


for the Vertical; and H Q O for the Horizontal Line of the Plain. 

Secondly, Out of your Scale of Chords take 3o deg, the Plains Declina- 
tion and ſet them from N to c, if the Declination be Eaſtward (as here it 
is) or from N to e, if the Decl/ination had been Weſtward; Then lay a Ru- 
ler fromZ toc, and it will cut the Horizontal Line of the Plain in K, fo 
have you three Points Z., K and N, by which to draw the Arch Z KN, 
tor the Meridian of the Place | Or, The half Tangent of 3o deg. ſet from 
Q will give the ſame K,: And the half Tangent of 60 deg, the Complement 
thereof, ſet from Q, will give you the Point W, for the We#t Point of the 
Horizon and Pole of the Meridian.) And the Secant of 60d, ſet from K , 
upon the Line K H, extended, will give the Centre, whereon to deſcribe 
the Meridian Circle, 

Thirdly, Out of your Scale of Chords, take 51 deg. 32m. the Lati- 
tude of the Place, and ſet them from O to 4, and fromN to 6; A Ruler 
laid from W to a, will croſs the Meridian in P, the Pole of the World : 
and laid from W tob, it will croſs the Meridian in #, the Point where 
the Equinottial Circle will cut the ' Meridian : And thus have you two 
Points W and AX, through which you may (by the 12th. Prop. at 
the beginning of this Book) deſcribe the Equinofial Circle W A. E 
which will eing continued without the Circle) croſs the Horizontal 
Line of the Plain H O- (that being continued) in E, which is the Ea## 
Point of the Horizoy, 


Fourthly, Through P, the Pole of the World, and Q, the Pole of 


the Plain, draw P Q for the Axis of the World, and Subſt ilar line of your 
Dal, in which Line the Centre of the Equizottial will be. | 
Fifthly, Divide the ſpace between W and E, into two equal parts in 
G, and on G, ere& a Perpendicular, which will cut the Ax#s of the 
World Q P, extended, in F, which is the Centre of the Equinottial 
Cirele : (if you have truly wrought.) 4 
Sixthly, From Þ the Pole of the World, lay a Ruler'to A, the in- 
terſetion of the Meridian with the Equizotial, and it will cut the Cir- 


cle in B; At this point B, begin to divide the Semicircle H N O, 


into 12 equal parts, at the points ® © © &*«. 

Seventhly, From Q (the Pole of the Plain) lay a Ruler to every of 
the Poixts @ © ©, &*. and it will croſs the Equinottial Circle 2 A} e, 
in the Points x X X, Cc. | 

Eighthly, lay a Ruler to P, (the Pole of the World) and every of the 
Points * * *, &c. and it will cut the Primitive Circle repreenting the 
Plain in the Points N, 9, 10, 11, N, 1, 2,3, &s, Through Ku 

| oints ; 


77 


7 
"2OuUYe 


TIT. 
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Points ; Lines drawn from the Centre Q , ſhall be the true Hour Lines 
- an Erect South Plain, Declining Eaſtward 3o dep, in the Latitade of Gt 
eg. 32 min. | | | 
Concerning the Requiſites belonging to any Upright Declining Plain 
they are all of them repreſented to the eye, in the Spherical Triangle 
Z TP, Right angled at T, In which 
Z T, isthe Diſtance of the S«bſtile from the Meridian 21 4 
The Side z P, the Complement of the Latitude of the Place 38 ' 
TP, the height of the Pole above the Plain 32 36 
P ZT, the Complement of the Plains Declination 60 oo 
The Angle? ZPT, the Plains Difference of Longitude 36 25, 
-Z T P, is a Right Angle. 90 oo 
And all theſe may be found by Trigonometrical Calculation, as is ſhewed 
at large in the foreſaid 12th. Chapter, As alſo, the manner how to . 
place the S1zile, and from one Declining Dial to make Four of the ſame 
Declination, &«c. 

The XIIlth. Chapter Is, To draw Hour Lines, upon a South or 
North Plain, which Declines many Deorees toward the Eait or Wet. 

For the making of ſuch Dzals, no better ways can be preſcribed 
than are there delivered in the ſaid Chapter and fo 1 fay no more of them 
ia this place. 

The XIV th Chapter Is, How to deſcribe Hour Lines upon Direct Eat 
or Weit Reclining Plains, Y 

Hour Lines may be deſcribed upon ſuch Plains by the Precepts de- 
livered in this Seftion; it firſt you reduce them to a New Lati- 
tude, and a New Declination, wherein they may become Upright De- 
_ cliains Plains in that New Latitude: Which is very caſte: to be done 

———— For a Dire Exit or Wet Dial Reclining 35, deg. in the Latitude 
of 51 deg. 32 min. (and ſuch a Plain isthe Example in Chap. 14) may 
be Reduced to a New Latitude, and New Declination. For, 'The New La- 
titude will be the Complement of the Old Latitude: : And the New Declina- 
tion the Complement of the Reclination : So, the above-mentioned Plain, 
will be a South Plain Declining 55 deg, in the Latitade of 38 deg. 28 m. 
And a Dial made to ſuch Latitude and Declination {hall be an Ea## or 
Wet Dial Reclining 35 deg. inthe Latirudeof 51 deg. 32 m. But, where- 
as in the Upright Declining Plait the Hour Line of 12 1s, always, Per- 
endicular ; fo the Line of 12 in the Reclining Plain, mult be, always, 
Parallel to the Horizon. For finding the Requiſites belonging to theſe 
Plains; &c. Seethe Rules and Cautions in Chap. 14. | 

The XVth. Chapter ſheweth, How to draw Hour Lines upon Dire&# 

South Dial Plains Reclining from the Zgnith, 
Oftheſe there are Three Varieties, and all of them are Reduciblc ra 
New Latitudes where they will be Horizontal Plains ; for, the height of 
the S:zile or Pole above any South Dirett Reclining Pla, 1s the New La- 
titude wherein that Reclinins Plldin would be an Horizontal Plaiz: Now 
the three Varieties of the Plains there mentioned have 


Firſt oo4 o0W | 
In the Second &Varicty$ Iz 28: Mew height of the 
Third 31 32 ole above the Plain. 
And ſo, Horizontal Dials for thoſe Latitudes, being made according 
tothe Directions in the Fir# Section hereof will be ſuch Reclining Dials 
as are taken tor Examples of the Three Varieties in that Chapter, where 
how 
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Fit TRACTATE. 


how to find the Height of the Pole above any South Reclining Plain is 
plainly taught, as alſo how to place the Szite and Dial, rc. 

The XV Ith Chapter Sheweth ; How to draw Hour Lints upon Diref# 
North Dial Plains Reclining from the Zenith. £ 

Of theſe alſo there are Three Varieties; Reducible alſo to New Lati- 
tudes wherein they will become Horizontal Plains: And how to find 


theſe New Latituaes, which 1s the height of the Pole or Stile above the 
Plains, is there ſhewed and 


| Rn: 
In the on, Varier ge 4 Is the height of the Pole 
Third 19; 32 $ or Stileabove the Plain 


And ſo Horizontal Dials made for thoſe Latitudes, ſhall be ſuch Recli- 
ning Plains asare the Examples in the aboveſaid 1 5th Chapter, 


S E C T. Il. 


How to deſcribe Hour Lines upon ſuch Plains, as do 
both Decline from the North or South, and Recline from 
the Zenith of the Place. : 


F theſe Plains there are two kinds principally, viz. ſuch whoſe Fa- 

ces behold the South, and ſuch whoſe Faces behold the North : 

and in either of theſe there are Three Varieties, of which you may ſee ſe- 

veral Examples in the 19th and 18th Chapters of the preceding Tra- 

fate. It ſhall ſuffice therefore (in this Supplement) to give only two Exam- 

ples, Onea South Plain Declining Eaſtward 30 tg, and Reclining from 

the Zenith 55 degrees. And another of a North Plain, Declining Weſt- 

ward 60 deg. and Reclining from the Zenith 54 deg, both in the Lats- 

tude of 51 deg. 32 m. Examples of both which you ſhall find in the 
three Varieties if the twoabove-mentioned Chapters. 

The third Variety in the XVIIth Chapter Is How to deſcribe Hour 
Lines upon a South Plain, Declining Eaſtward 30 deg. and Reclining SI 
the Zenith 55 deg. in the Latitude of 5 1 deg. 32 m. Now, to make ſucha 
Dal by this Artifice, you muſt, 


Firſt, Upon Q, asa Centre, deſcribe a Circle to repreſent your De- Fre 


clining, Reclining Plain; and crofs it at Right anglesin Q, with the 
Cv cog H O, for the Horizontal, and V X for the Vertical Lines of 
the Plain. 

Secondly, Take 55 deg. the Reclination, and ſet them from V to a, - 
2nd fromO to 6, a Ruler laid from H to «, will give the Point Z, for 
the Zenith of the Place, and from Hrto b,it will give the point R,for the in- 
terſection oi the Vertical Line of the Plain, with the Horizonof the Place: 
(Or, The half Tangent of 35, the Complement of the Reclination ſet from 
(Q), willgive the point Z, andthe half Tangent of 55, the Reclination will 
9rve the point R}. : 

Thirdly, Through the three Points H R O, you may draw the Ho- 
11208 of the Place, whois Centre will be at D, the Semidiameter where- 
of DR isequal to tix Secaxt of 35 deg. the complement of the Plains 


Reclination. 


Fourthly, Take 3o deg. the Plains Declination, out of your _ L 
ords, 


= 
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Chords, and ſet them from O to c, from X to d, and H toe, and a Ru- 
ler laid from Z toc, will give the point E, and laid from Z tod, will give 
the point S, and laid from Z toe, will give the Point W, all in the Hor;- 
zontal Circle, for the true Ea#, South, and Wezt Points thereof. 

Fifthly, Through the Points Z, the Zenith, and S, the South point 
of the Horizon, you may (by the 12thProblem at the beginning of this 
Book) Draw the Meridian g& thePlaceS Z P, 

Sixthly, Lay a Ruler to the Points E and Z, and it will cut the Pri- 
mitive Circle in f,trom f, ſet 38 de. 28 m. of your Scale of Chords, and they 
will reach from f tog, anda Ruler laid from E to g,- will croſs the Me- 
ridian Circle 1n P, the Pole of the World: and go de. of your Chords, ſet 
trom g, will reach to, and a Ruler laid from Eto h, will crofs the Me- 
riaiay in AX, and io you have tliree Points W, A and E, through 
which to draw the Equizofial Circle e A. e. 

Seventhly, Through Q the Pc/e of the Plain, and P the Pole of the 
IUorld; draw the right line Q P for the Axis of the H'orla, and the Sub+ 


ſtil ar line of your Dial : it muſt be drawn upwards towards the North; 


becauſe the North Pole is elevated above this Plain, as is manifeſt by the 
Scheme, : 

Eightlily, Lay a Ruler upon P, the Pole of the World, and A, where 
the Meridian and Kquizottial interſett, and it will cut the Primite 
Circle n [3. 

Ninthly, At the Point B,begin to divide the Primitive Circle into 241, 
(or the half otit « B imo 12) cqual parts, at the Points © © ©, Cc. 

Tenthly, Lay a Ruler toQ, andevery ot thoſe Points, and it will 
crols the Equinodtial Circle « Xe, in the Points x x x &c. Anda 


Ruler laid trom P, the Pole of the World, to every of theſe Points; 
XXX, Cc, Will cut the Primitive Circle repretenting the Dia! Plain, in 
the Points 5, 6, 7, S, 9, 10, 11, 12, 1, 2, }, 4, from which Points, 
Right Lines being drawn through the Centre Q , (upwards, becauſe 
the North Pole is tlevated above the Plain) they ſha!! be the Hcar Lines 
belonging to ſuch a Declinins Reclining Dial as was requ.red to be 


drawn. | 

As concerning the Reguiſites belonging to this Declining Reclinizus Di- 
a/, they areal! vilible in the Projedion, and three of them in the 
Triangle LP C. For, 


The height of rhe Pole abore the Plaiz is C P, 

The Diſtance of the Subſtile and MeridianC L, 

The Plains Diference of Feugutuae LP C, 

The Duttance ot the Arriaian and Horizon, is the ArchO C64 

' 

AS by the Trig. Calculation doth appear. 

The Thud Variety in the XVIIlth. Chapter Is how to Geſcribe 
Hour Lines, upon 8 North Plain, Declininz Wet 60 deg. and Reclinm 
from the Renich 54 deg, inthe Latitude of 51 deg. 32 m. ard to make 
{uch a Dialaccording ro this way of ProjeQtion : you muit, ' 


Firit, Upon the Centre Q, with 60 deg. of your Scale of Cheri, 


IV. Cefcribe a Crccle repreſenting the Dial Plain ; and croſs it with the rwo 


izz;2ters V XN for the Vertical, and HO, for the Herieci:3! Lines of 
vour Piain, 
; y, Taxe 54 ves, the Plains Rechnation, cut cf your Scale of 
Choral, 


Fg.IV. 


North Decl: W/E 609 
HLeclning 54 g 


Loain/t Page 92. 
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Fit TRACTATE. 
Chords, and ſet them from U to «, and from H to 6b, a Ruler laid from 


H to 4,6 will cut the Vertical Line of the Plain U X, in the Points Z, 
for the Zenith of the Place; and in R, for the Point of InterſeQtion of 


the Horizon of the Place, with the, Vertical Ling of the Plain ;; and 


. —» 


HR 


now 7 have three points,, 
, 


.. thro! which to draw the Horizontal Carcle 
whoſe Center will be at D. - 


Thirdly, Take 60 degr. the Plain's Declination, and ſet them from 
Oto e, from H to, and from X to f, a Ruler laid from Z toe, will give 
the point W; and from Z to c, will give the Point N; and laid from 
7 to d, will.give the point E ; all in the Horizontal Circle, for the 
true Exit; North and We#t points thereof. _ | 

Fourthly, Thro? the Zenith Z, and N, the North-point of the Ho- 
rizon, you may (by Probl. 12.) draw the Meridian of the Place N Z. 


Fifthly, Lay a Ruler from W to 


Circle _—_ ; from f ſet 38 degr. 28 min. the 


tude, 


g, will croſs the Meridian-Circle in P, the Pole of the World : And 
toh, a Ruler laid from W toh, will cut 


go degr. being ſet from 
the Mer 


idian-Circle in A. ; and ſo you have three Poz 


A, thro! which to draw the 


Sixthly, Thro' P, the Pole of the World, and 
Plain, draw the Right Line QP L, for the Ax# 


Subſtilar Line of your Dial. 


Seventhly, = 


oints, N, W, and 


uinoftial-Circle z A z. 


the Pole of the 


Circle in B; At this Point B, begih to divide the Circle r 
your Dial-plain, into 24 (or the half thereof into 12) parts, 1 


the points © © ©, Oc. 
the 


R Lines bein 


Lay a Ruler to Q, an debod wo it will croſs 
= al Giele = £ © a the poines #*'*, . and a Ruler laid 
to P, and every of thoſe points * * #, willcut the Primitive Circle in 
the points, 9, 40, IT, 12, 1, 2, 3, 4, 5, 6, 7, 8. From which points, 

ing drawn from the Center Q, ſhall be the true Hour 


Lines proper for your Declining Reclining Plain, 


The Requi 


aSint 


The Plaiw's Difference 


, 


—_ to rhe Plain, are viſible ia this Proje#ion 
other. For, 5 | | 


degr. min. 


The Diftance of the Meridian and Horizon, 5 OL 35 31 
The Height of the Pole above the Plain, 5s PT 53 43 
The Diſtance of the w 4 <p aa TF 56 41 


ZPQ 61 47 


A SY-« 


the World, and 


'a Ruler to P, the Pole of the World, and A, where 
the Meridian uinoQial interſeQ, and it will cut the Primitive 


v3 


Z, and it will cut the Primitive 


Complement of the Lati- 
they will reach from f toy; and a Ruler laid from W to 


ABSTRACT 


What hath been delivered more at large, in the f( ore-going 
Chapters of this I raQate. 


N this Abſtraf# I ſhall only give you an account of what things are 
Given and what are Reqazred in every Plain, and Proportions by 
which thoſe Reguiſites are to be found, and not particular Examples in 
Numbers, as is already largely done, yet fo, that the whole ſubſtance, 
in the general, may be ſeen in this at one view, and fo I ſhall take them 


in order, beginning with ? 
I. Vertical or Horizontal Plains, Chap. IX. Fig. I. 


In theſe Plains there is nothing required but the Arch of the Meridien 
comprehended between the Pole of the World and the Plain, which is 
the Latitude of the Place, and isalways given, 


IT. The EreZ? Diref South and North Plains, Ch. X. Fig. IL «ud IL. 


In theſe Plains alfo there is mg ory ge but the Archof the Me- 
ridian, comprehended between the Pole of the World and the Plain, 
and this is always equal to the Complement of the Latitude, and 0 is 


alſo given. 
III. Erett Dire Eaſt and Weſt Plains, Chap. XI. Fig. IV and V. 


Over theſe Plains, neither of the Poles of rhe World is elevated, and 
therefore no Arch of the Meridian either givea or required ; but the 
Hour Lines being all Parallel, their diſtance may be contrafted or en- 
larged anſwerable to the bigneſs of the Plain, and length of the Per- 


pendicular Stile. 
IV. North a»dSouth Ere# Declining Plains, Ch. XII. Fig. VI axd VII. 


In theſe Phins two things are given, and three things muſt be ſought, 
before the Dial can be made — The things givenare (1) The Latitade 
of the Place (2) The Declination of the Plain, — The _ uired 
are (1) TheArch of an Azimuth Circle between the Pole 0 he W orld 
and the Plain, and is called The Height of the Pole or Stile _ the 

Plain. 


dian, (3) The-Arch of the 


A STNOPSITS& 


Plain, (2) The Arch of the Plain between the Meridian and the Sub- 
tile, and is called, The Defle#ion or al Cock pe mrn om: the Meri- 


ircle com 
the Meridian of the Plain, and the a ray arFtya of the won Fog 
The Plains Difference of Huge. | 

' 1. For the Height of the Pole or Stile deve the Plain, 
As the Radius, 
To the Co-ſine of the Plain's Declination : 


So is the Co-ſine of the Latitude, _ 
Tothe Sine of the Stile's Height, 


2. For the Defle&tion, or Sabſtile”'s Diſtance from the Meridien, 


As the Co-ran = of the Declination, 

S0is the Tangene of th b 
is the Tan the Stile's Height 
To the Sins of the DefleRion., © * 


3- For the Plains Difference of Longitude, 


As the Co-ſine of the Latitude, 
To the Radius : 
So the Sine of the DefleQion, 
To the Sine of the Plain's Difference of Longitude, 


V. Dire# Eaſt 'or Weſt Reclining Plains, Chap. XIV . Fig, I'S. 


In theſe Plains (asjn upright Plains) two Oe Things be EIVen, gr 
three required foropriy,> o prkip wx he T 

(1) The LO_ of the Place. (2) The Rechnation of he the —_ 
The thi uiredare the ſame as in upright declining Plains, - cies 
(1) The tg t of the Stile or Pole above the Plain. (2) The DefleQi- 
on. (3) The Plain's difterence of Longitude. 


1. For the Height of the Pole or Stile above the Plain, 


As the Radius, 
To the Sine of the Latitude: | 
So the Sine of the Reclination, | | 
To the Sine of theStile's Height. 


2. For the DefleQtion or Subſtile's diſtance from the Meridian, 


As the Tangent of the Reclination, 
To the Tangent of the Stiles Height : 
So the Radius, 
Tothe Sins of the DefleQion. 


3. For the Pliin's Difference of Longitade, 


As the Sine of the Latitude, 
To the Radws: 
50 the Sine of the DefleQtion, 
To the Sine of the Plain's iy Aiiorence of Longitude. 
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ASTNOPSIS, &. 


VI. Dire##South Reclining Plains, Chap. XV, Fig. X, XI, XII. 

In theſe Plains, the Latitude of the Place and the Reclination of the 
Plain being given, there is nothing required but the Arch of the Meri- 
dian comprehended berween the Pole of the World and the Plain, 
which is, The Height of the Pole or Stile above the Plain ; and in theſe 
South Recliners it 15 thus found — SubſtraQt the Reclination from the - 
Complement of the Latitude, or the Complemeat of the Latitude from 
the Reclination, and the difference is the Height of the Pole or Stile above 
the Plain: And note, 


It theRe- Equal to >», the Comp. ePlain 5EquinoQtial, as Fic, XV. 
clination 3 Leſſe than oof the Lati-9 Sourh WL chance 
be Greater than) tude, the North 4 40 FE OE: 


VII. . Diret# North Reclining Plains, Chap. XVI. Fig. XIII, XIV, XV. 


The Latitude of the Place, and the Reclination being known, there 
is nothing required in theſe Plains to be found, byt the Arch of the Me- 
ridian betweenthe Pole and the Plain, which is the Stile's Height. And 
in North Recliners it is thus found — Add the Complement of the La- 
titude of the Place, and the Reclination of the Plain together, the ſum of 
them (if under go deg. or the Remainder to 180 deg. if above go deg. 
is the Height of the Pole or Stile above the Plain, Bur if the Sum or Ag- 
gregate be juſt go deg. it is a Polar Plain, as Fig. XIII and XIV. 


VIII. South Declining Reclining Plains, Chap. XV IL. Fip. XVI, XVII 
DV XVIIL and NIN, EO ING 

In theſe Plains three things muſt be given, and four things ſought be- 
fore the Dial can be drawn — The things given are (1) The Latitude 
of the Place. (2) The Declination. And (3) TheReclination of the 
Plain. — The things required are (1) The Diſtance of the Meridian 
and the Horizon, (2) The Height of rhe Pole above the Plain, (3) The 
DefleRion, or Subſtile's Diſtance from the Meridian, (4) The Plain's 
difference of Longitude. . nn, 


1. For the Diſtance of the Meridian from the Horizon, 


As the Radius, 
To the Sine of the Rechination : 
So the Tangent of the Declioation, 
To the Co-Tangent of the Diſt. Meri. and Horizon. 


2. For the Height of the Pole or Stile above the Plain, 


As the Sine of the Declination, 

Is to the Co-ſine of the dift. of Mer. and Horizon : 
So 15 the Radius, 

To a Fourth Sine. 

If this Fourth Sine be equal to the Co-Laritude, the Plain is an Equi- 
noQual Decliner ; bur if it be leſſer than the Co-Latirude, ſubſtratt it 
from the Co-Latitude, noting the Remainder. Then fay, 

As.the Sine of the Arch laſt found, 
To the Sine of the Reclinarion : 
So is the Sine of the Remainder before found, 
To the Sine of the Height of the Pole above the Plain. 
\ 3. For 


ASTNOPSIS &c. 


3. For the Defletion, or $ aj, Diſtance from the Meridian, 


As the Co-Sine of the Stile's Height; 
To the Radius: 
So the Sine of the firſt Remainder N 
To the Co-fine of the Defle&ion. » 


4. For the Pliin's Difference of Longitude, 


As the Sine of the firſt Remainder 
To the Sine of the Defle&tion : 
Sois the Radius, 


Tothe Sine of the Plain's difference of Longitude. 


IX. North Declining Reclining Plains, Chap. XVIII. Fig. XX, XXI, XXII. 
In-theſe North Reclifiers Declining Plains, the ſamethree things muſt 
ven, and the ſame four things ſought, as were in South Recliners . 
Pellining And they are thus found : 
i. For the Diſtance of the Meridian and Horizon, 


As the Radius, 
To the Tangent of the Declination : 
So is the Sine of the Reclination, 
To the Co-Tangent of the Meridian and Horizon. 


2. For the Height of the Pole above the Plain, 
As the Sine of the Declination, 
To the Radius : 
So Co-ſine Diſt. Meri. and Horizon, 
Toa Fourth Sine. 


Unto this Fourth Sine add the Complement of the Latitude, and 
reſerve the Sum : And fay, 


As the Sine of the Fourth Sine, . 
; To the Sineof. the Reclination: 
So the Sine of the Sum laſt found 
To the Sine of the Poles Height above the Plain, 


3. For the Deflettion, or Subſtile's Diſtance from the Meridian, 


As the Tangent of the Reclination, 
To the Sine of the Fourth Arch 'before found : 


So Tangent Pole's Height above the Plain, 
To the Sine of the DefleQion. 


4. For the Plaiw's Difference of Longitude, 
As PFs of the Stile's H 
Tothe Tangent of the Dfefion ; 
So1is Radius, 
To the Tangent of the Difference of Longitude. 


: And thus have you in this one Chapter an Epitome of the whole Art 
of Tg, performed by ory Calculation. 


WF , © $a F YT 


The End of the Fir TraQate. 
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36. 
GEOMETRICAL 


DIALLING 


DEMONSTRATE D. 


SHEWING, 


Several Ways, hin to fend the true Places of the 
Stile, Subſtile aud Meridian ; As alſo bow to 
draw the Hour-Lines, upon alt Plain Superfi- 
cies in their due Pofuttons. 


3 


he Second TR ACT AT E. 


P ROEME. 


N the Re gong TH, having largely inſiſted upon all ſorts of 
Plains, upon which Dsals are uſually made, and ſhewed the Reaſon 

of each Plain deduced from the Sphere; I ſhall in this Second Trafate 
be more brief, ſhewing only how the Places of the Stzle, Sabſtile and 
Meridian, may be found _ all forts of Plains, ſeated in their true 
Places and Poſitions, and them to draw the Haw-Lirs, And 
therefoes w-fay nothing of the Horitzowtal, Full North, South, Exit, or 
Weit Plains, whether Eref# or Reclining, I ſhall immediately begia 
with Upright Dechting ' Plains, and from them proceed to Sourh and 
North Declining Reclining Plains, giving but one Example of each kind. 


A—_—_ 


CHAP. L 


How to find the Hes the Subſtile, Stile and Meridian, 
and bow to draw the Hour-Lines upon an Ere& Declining 


Ur Firſt Example ſhall be of an upright Plain declining from the 
South Eaftward 3o deg.in the Latitude of 5x deg. 32 min. 

Upon C, as a Center, deſctihe the Quadrant CAQ, and with the 

ſame diſtance of the Compaſſes, upon A, (which ſhall be the Center 

of thie Dial) deſcribe an obſcure Arch of a Circle, and herein ſer off 38 


deg. 


GEOMETRICAL'DIALLING 87 
deg. 28 min. the Complement of the Latitude of the Phece, from C to L, and 
draw the Line AL, prol it toD: AlGo, ſet 3© deg. the Declination of 
the Plain, from Q to X, and draw the Line X C, pralerging it, if occaſian 
be, Then upon C, with the diftance CD, deſcribe an occul Arch of a 


Circle, continuing it, rill irconcur withthe LineXC extended in$; And 
from S let fall a Perpendicular upon the Line Q C extended io R, 


Then make CY equal to R S, anddraw AY for the Subftilar Line of 
your Dial : Then upon crea Perpendicular Y G, Y G equal 
to a + R, and through G, draw A G for the Szile of your Dial. 


Then ſetting one one foot of your Compaſſes in Y, with the other take the 
neareſt diſtance to the Stile A G, and ſer that diſtance upon the Subſtile from 
Y to ©, So ſhall @ be the Center of the moctiat Circk, and the Line 
GY extended both ways, ſhall be a Tangent Line thereto. 

Upon © as Center deſcribe the Semicircle D * F repreſenting one half of 
the Equinotial Circle,which done, lay a Ruler from © to'P, where the Tangent 
Line croſſeth the Meridien or Line of 12. And where the Ruler cruſſethi the 
Equinottial Circ , which 1s at*, there begin. to divide the Semicyrcle into 12 

pal parts. A Ruler laid from © at the Points © @ ©,Oc. toevery of thoſe Di 
ons © © ©, &c«. the Center of the — Circle, I ſhall cur the Tangtnr 


V 
Lie in the Points 5,6,7,8,9,10,11 onthe one fide, and at 1,2,3,4 onthe other 
ſide of the Meridian. Laſtly, Lines drawn from the Center A, through theſe 


Points in the Taxyent Line, all be the true Hoar-lines be to w_—_ Plain : 
And that the Sz/eand Subftile are rightly placed, ſhall be us Demonſtrated. 


DEMONSTRATION. 


The Trigonometrical Canon or Proportion for finding the Subſtile's d; 
from the Meridian being, As the Radine, Is to the Tangent Complement fl f os 
titude ; So # the Sint in the Plain's Declinatiow ; ; To the Tangent of the 4M 5 | 
diftence from the Meridian. SF 
Now A C being the Radime, - Disthe Co-tangext of the Latitade,the A 
CAD being 38 deg. 28 min. by Conftruftion, Andif the Co-e do 
be made the Radixe, it is manifeſt that the Sine of the A eXCQ, 


nation ſhall be made thereby the Taxgent of the Swbſtite's Py man —_— - 
Meridian, Y C. 


In like manner it may be proved, that as the Radims C'D, isto CD the 
Co-ſine of the Latirade A D C: SoisR'C, the Co-ſine of the Declination , 
toRC, the Sizeof GAY, which was to be Demonſtrated. 
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CHAF, IL 


How to find the place of the Meridian, Stile and Subfitle, .in De- 
clining, Reclining Plains. 


Declining EaFﬀ 30 6 min. | 
Exemple 1. of « South Plain4 7; Gains of min, Ft $2 4 3h as 


| Rawari ht Line L G, repreſenting. the Baſe of the Dechi 
| Viamng Plain : In an ;entehomes, aha 4 
di 


for the Ce eiect Meridian, extending, it to a ſufficient Les 
draw another Line as QS, parallel to L G, at any convenient 


ance. 
Upon 
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Upon X asa Center deſcribe the . Arch of a Cirele, and thefeon ſet 55; 
deg. (the Plains Reclination) from 4tob, and draw the Line X b, extending 
it till it meet with the LineQ Sin N. 

Then upon A (asa Center) deſcribea ſmall Arch c 4, and upon it ſet off 
3o deg, equal to the Declination of the Plain, and draw the Line A B, be- 
tween the two Parallel Lines. | 

Then makingX C equal to X N, -draw the Line CB, ſo ſhall B be the 
Center of the Dial, and the Line BC the Meridian of the Place, or Home 
Line of 12. | S 

Alſo, make A M equal to AB, and upon M. (as a Center) deſcribe an 
Arch of a Circle ef, and upon it fet 51 deg. 32 man. the Latitude of the 
Place from f to.e, and draw the Line M e, extending it till it cut the Per- 
pendicular Line X W in Z. | ; 

Likewiſe, make A K equal to A X, and A-D equal to A N, and draw the 
Line K D, till it cut the LineX W, and prolonging it farther if need require. 

From Z, let fall a Perpendicular to K D, in H, and taking the length K H 
in your Compaſſes, apply that diſtance from B (the Center of the Dial) 
ui in the Vertical Meridian; and draw the LineB R for the Subſzle. 

Laſtly, fromthe Point R, uponthe Line B R, erecta Perpendicular, asR E, 
making R E equaltoZ H, and fromBtoE, draw BE for the S:z/e of the Dial. 

Now this Line R E being produced both ways ſhall be a Tangent to the E- 
quazor , whoſe Semidiameter muſt be equal to aLine let fall perpendicularly 
trom R tothe Stile, and that diſtance takenand ſet upon the Subſtile from R, 
ſhall be the Centre of the Equator, which being divided, and Points found in 
the Tangent Line, the reſt of the Dia! may be finiſhed according to the 
uſual manner. 


NoteT. If the Point D fall ja# into the Point Z, the Plain paſſeth through the 
Pole, and the Plain is a Polar Plain, and ſo it will do in a South Plain Decli. 
ning 30 deg. and Reclining 34 deg. 32 min. in the Latitude of 51 deg. 32 
min. = 

Note TI. If the Point D, fallj}above Z, the Plain paſſeth between the Zenith 
and the Pole, and the South Pole is Elevated, and fo it will do in a Soxth 
Plats Declining 30 deg. and Reclining 20 deg, in the Latitude of 51x deg, 

2 Min. | 

Nee III. -Tf the Point D fall below Z, the Plain paſſeth between the Pole 

_ and the Horizon, (as in this Example) and the North Pole is Elevated. _ 

Note TV. That although there will be conſiderable variation in the Schemes, 
by which theſe ſeveral Varieties of Declining, Reclining Plains are drawn; 
"x the conftruftion will be the ſame, for ſometimes the Point H, which 

ere falls on that ſide of the Vertical Meridian which is next to S, in a South 

Plain Declining 30 deg. and Reclining 20 deg. will fall on the other fide 

thereof towards Q. Likewiſe the home of 12, that is B C, which falls 

here between the S«bftile and the Horizontal Meridian, B A, would in 
ſuch a Plain asTI laſt mentioned fall between the Ax and the Subſtile. 

Note V. As the Reclination of any Plain increaſes, the Points N, C and R 
all. approach nearer to A, and when the Reclizatzon is go deg, they are 
all Co-incident, and fo vaniſheth into an Horizontal Dial, whoſe Subſtile 

- willbeBA. [And if the Declination be increaſed, at length the Points 
B and M, will: be Co-incident, and the Dzal Plain will be parallel to 
the Prime Vertical, and the Dial a South. Dial whoſe Subſtile may be ZA 
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Pr b i aLb Cot h ” 


The Come Bis akon at ſure, in 
ax : For the Parallels Q'S, Ly G, might job mo 
4M as <v 


a would be greater pr leſſer 
ow becauſe X.C isequal ox N, 
ſhall cut. the Vertical Meridian X. 

And becauſe the Line B C odd Fr DS the 
drawn upon the Plain from the Ceater, it ali ceve 
Place : For the ; Syn calightning the Point C, at 12a : Cl the. 

X W, and at the ſame time Xing Op Feges | 
ſhall at the fame time illuminate the w ole Line B & ah as the Stile of the , 


De ſhall ſhadow the ſame juſt at the ys 25 

gain, hecauſe the Triangles A N X and AWD | 
KL ” If the point W be the Zenith, (the X ſup ro be v7 | 
on the point K) the Lines KD and X ll be =P and the VE 
A ny , equal to the Reclination : KD Thallthentruly repreſent the Rec 
ing Plain, 

Moreover, A M,bein alto AB ;conftruQtion.and the 
A: ents a Pole of the Equator 


al totheLatirude,the 
y ru M Z; and the Mer rar) 9g meet there. 


If therefore dhe Hen 3 Dome tier 
(or the back fide thereof) at right Angles ; it ſhall fall ona pre 


S#bſtile in H,which point H, doth therefore limit the Sabfts 

fe the Horizontal Linein which B, the Center of the Dial is 
muſt limit it on the other part alſo, to wit, in thepoint XK, orK,, ſo that H 
1s the juſt kength of the Sbftile upon the Plais, 

And becauſe the Subſtile mult both paſs through the Center B, and incline | 
to the Vertical X W (to which the Plain it ſelf inclines) the Line BR, equal 
toK H, beiog ſo placed, is the Subſtile. 

Laſtly, Becauſe Z H is the neareſt diſtance between the Pole and the Plain, 
SIE peat chore, and perpendicular tothe Subſtile, it ſhall be the 

the S2ile,that is ; rbere the Subſtile B Ris Radius) ) the Tangent of ' 
of the Poleabove the CA nnd is all which was to be proved. 


A... 4 


CHAP. UL 


eclining—6 O 


D | 
Ezample IL. of the North = _ G1 " 37 mM. 


clining—16 
A*? inthe former Example, ſoin this; Firſt, draw a rat Line at plea- Fjogre 
ſureas FQ, which ſhall repreſent the Baſe of the P fir. 


Aſſume any Point therein as B, from which Point ere& a Perpendicular . 
BY, extending it both above and below the Baſe Lint F Q. 


Unto F Q, draw another right Line Parallel thereunto, at any convenient 
Ciflance, as P M. 


Then upon B, as a Center, deſcribe an Archof a Circle Cb, andupon it ſet 
Aa 60 deg. 


a? 


—— = 


"<< IMS 4, 


a + 
COPE - 
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ing it ir ll it aK: h the Parallet Þ MinA. 
y ih Ga Cenpes de deſcribe another little Arch, asS4c, and upon it 
it concuttwith the Baſe Line E FOQin D, 
Diftance between Cand D, infor that PR 
EY a Line SHOE tw» ſhall be'the Mrridien of the ro 
—__— of a Circled e, and: upor\ it ſet off 
i Os FH the Com 
mg hg ix. it, fl 2000 with rhe perpendicular Line BY exrendd” 
Pro long the Line A A Ba ame ERP to B Z.-and; throu hehe Point K 
draw rhe BF in KU — 
A ou ba et falta Perpendicular DC, vis, LO, and make HG equab 
to 


60 deg. (the P elingtiog) from.C. tab, and draw the Line B 6, extend- 
etlination)) frame to c, and draw the Line C C, Ok 
E in, our r Compaſlesthe 
Ee PE EAT | Y, from C ro E,{6 that E bethe Cenror 
eaha $6 Latitude, from 4to e, and-draw- the" 
awe Ain in Z. 
Y, cutting the: Bafe Lige- Qi inS. An 
BL equat to $ 
Then from ys ic Center, of the Dial, chrough G draw the right Line E Ge 


AS —— oe. ..cxD - 


for the inc of the Dial 
| "Alfo,uporthe Line E G, yoo the point- G, ereCt a- P icular, anÞ 
{ make. it equal in length,to the Line L O;zas the  Porpondioutr G N: Then #. 
+» Line drawn from the Center E,thr N\ſhall-be-the S:-/2 of the Dial. 
, And Share yy Ie theRequiſites belongingto this Reclining Plain; and, 
if yo take the! ea the phe rorke Stile NE, ant foo 
| that diſtance upon the Subſftiler Line from pg Ine woah ua = 


Center of rhe Equizodhal Cjrdle, and the [tine N G extended both ways ſhalt 
xr: a Tangent thereto,by which the Dial may be finiſhed according to the uſu« 
at way. 


DEMONSTRATION. 


Becauſe the Angle A BC, (to which the Angle K B Z. is equa]}) isequalto 
the Plaiz*s Declination : 'Fherefore theLineK B A is the Hori: ontat Myidian 
upon the BaſesP MandFQ. And BK is _ to B Zby conſtruttion, and 
the Triangles DBK and DB Zare equj-angled and cqual,having one com- 
mon Side D B,and a common. AzgleB D Z, and B K isequal toB Z: There- 
fore a right Linepaſſing from K in the Harizanta/ Meridian to D, or E in the 
Vertical Meridian 7 Y, ſhall repreſent the Axis of the E _— - for the An- 
gleBDK equalto B BZ. is the omplemrent of the Lati:ude, by conftruftion, 
and DB Zaright Angle. 

And therefore, whenſoever the point K, is cither ſhaddowed or enhightned, 
the point A is the fame, and the point E alſo, becauſe it is in the fame Axis 
with K.is at the ſame time {0 afeted : wherefore, the Center of the Dial be- 

, ing at E, a Lane drawn fram thence upon the Plain to A, ſhall be the how 


of32. 


And becauſe the Fhpotenaſs D K,or EK, is the Axis paſſing from F,in he 
Reclining Plain by K 1n the «l Merid:iax and the point K being in the 
Line KSHG, a ket fall from thence to the Plzn, ſhall fall w 
the fame Line KSHG. 


| Make 


T — 0 & 


BET RATES B7IAEITBSIC 
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Make C Y equal to H G,which isalſo equal to C O: then a Perpendicular 
from L toY, 1 is the fitne wittithar from LroO,namety the Line O;- 

And becauſe BL is ltoJ K,and CK to H Gtherefore af -ragang 

ke Gll from EEG ;ſhall be equal to L.X, £12 Poe . 

& K(as '5 E Axt Poin 
inthe 2D; Ja Pa nth pe = Wy 3 ho EE 
of the prrpenares fr 

ae arwraeg And hn eb: 

Angles,ſhall be a point in the Subſtile. 

Bur E or: Þ'is the Conrer of the D/ beer / already 
fore, a Line drawn from to'G, thatas, the-Line: SF" 

And becauſe G N,being equal toL. Ong the 
ple; therefore,the Line E* EN, Tow by the points E and N is the 

Enough is here written to ſhew howto: find the Meridies, Stila avd Sub: 

file, in all O—_— and R NOHITES ; In. which chis sworth = 
obſervin , that by the Precepts ered, 'nor the. Requi 
and thes Menicales ar aantitie ara finind þ dur thai true: Places 
and Situations upon the Plains allo, all which re: obvious together. 1 
the very working,or witha very little tranſpoſition made ſo. And fo 
that reaſor;I have here mads choice af Fro {ack | vas are before 
in nou = Traftate made uſeof, and the work of them performed by 
 thas ſo the coherence may be thie more Dag: 
rev you will fad mn the. 8k and 2954 Ehofrers of 
ceding Tratate.” 

From the before Jctiveredic may be Nowd, hat ihe Revkins 
ties May 1 Points N, E and R;aB approddttftil nearer to: A; and 
when the Rarkicltionls gh they are all Co-incident, and Vaadh jato an 
Horizontal Dial, whoſe le isB A. 

Inlike manner} ifthe Declivation be flillincreaed; at the Poines'B 
and M, will be Co-iacident, and the Diat Plain will be Ftotlic Pr amee. 
Y=tical Circle, and the Dial a Soath Dial, whoſe Swbfile may be Z A. 

Butwhether the Drclixation'increafs.or not, if the Rer/inerion amount to 
70, 0r above 70 degrees: Then the Sebftilar Line applied (as before) from B- 
rothe Yerticel Z X, it fhall fall berween the points A and X, upon the rot 
the Plain, Andiby this mcans the former Preveprs maybe rendred inſu 
ent,or (at leaſt) inconvenient in ſuch Caſes. 

And for theſe Reaſons I have added what follows in the next Chapttr. 
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CHAP. IV. 


ASecond Geometrical Way to find the Requiſites belbaying: to De- 


Reclining g Fang, ogr agreeable to the Calculatory way be- 
fore delivered inthe. Fir T raQate: and thereby. Demonſtrated. 


Ur Ezanple hete ſhall beof s Soarb Plain; Declining E sftward 30 dep. 
ON: Reclimmng from the Zinith 55 deg, which is che Exenph ode 


4 Feriy of os Ddnin, Rein Pl ini Fut Fit Treg 
Chap. XVII. - .... 


Wherean let it oe ay rere | . min, 
1. The.diftexce of the Meridien and Horizon ay. 41 


2. 'The height ofthe Pole or Stile above the Plain Ig, 25 
3- The dffexce ofthe Subſtile from the Meridian | 6. 02 
4. The Plaiw*s difference of Longitude 17. 38 


I. For the Diftance of the Meridian and Horizon. 


Fi With 6ode of a Scale of Chords deſcribe the Quadrant ABD:and u 
7” cn, cefithe Perpendicular AR, whictifiulibe a Taye Line therem. 


r. Take o deg, the Plain's Declination, and ſet it from A toE; Alfotake 
5 deg. the lination and ſet it from D to G, and from E to G, fer fall the 
icularsE Mand GH; ; and through E and G draw two right Lines 
from B, ing them till they cut the Tangent Line in the Points F and 
R:———So G H be the Size, and A R the 7 axgent of 35 deg. 
tothe Complement of the Plaix's Reclination: — AQoEM 
Szze, and F A the Taxyezt of 30 deg. equal to the Plain's Reclination. 
2. Make A Iequal toH LA Rulerlaid from Bro T, will cut the Quadrant 


in K: SoisK D the dsfaxce the Meridias from the Horizon, namely 64 deg. 
41 min. 


— 


CCC” ___—__HERT” nds 


f 
| 
| 
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Demonſtration from Trigonometrical Calculation. 


As the whole Sine (or Radizs) AB go deg, 
Is to B H, the Sine of the Reclination 55 d 
0.2 A OR SOT a7 he NcBnenio Jo 


A, the Tangear of the Arch A K 25 deg. 9 min. 


Complement is the Arch D K 64 deg. 41 min. the diſtance of 
the Meridian and Horizon. ]. ” 


II. For the beight of the Pole or Stile above the Plain. 


1. Extend the Line M E, ull it cut the Line BR inP, and make AN 
equal tro M P: SoiSA N the Tangeat of the Arch A*, which meaſured apon 
the Chords will be 3x deg. 14 min. W hich Arch being lefs than the Latitude 
of the Place : deg 32 Min. "SubfiraRt ic therefrom; to will the remainder 
—ITPL 2. Sa 


% 


* 
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> Set 20 deg. 18 min. the Arch laſt found from A to Q, and draw the 

Line Q C perpendicular to AB—— Alſo makeB S equal toQ C BO 

equal to BR —— And B W equal to B M —— So ſhall BSbe the Sine of 

:odeg. 18 min. the Arch laft found - B W the Sine of 60 deg, the 

, Complement of the Declination and BO the Sine of 64 deg. 41 min, 
the diſtancewof the Meridian from the Horizon. : 

? 7. Take in your Compaſſes the diſtance BS, and ſetting one foot inO, 

3 witl the other deſcribe an obſcure Arch of a Circle 4 s, and from B, draw a 

Line B'mz, which may only touch the top of the ſame Arch, which done, ſer 

Z, one foot of the Compaſſes in W, aa& with the other take the neareſt diſtance 

e. :0 the Line Bm», which diſtance ſet from B to V ; and draw the Line V T 

'» parallcl to A B, fo ſhall T A meaſured upon thre Scale of Chords be 19 deg. 
25 min. for the height of the Pole or Stile above the Plain. 


p. Demonſtration from Trigonometrical Calculation. 


5 (1.) As the whole Sine ( or Radixs)A B godeg, p 
q- ſs to B M (theSine of the Complement of the Plain's Declination) 60 deg, 
So is A R (the Tangent Complement of the Reclination) 35 deg. 
To A N (the Tangent of the Arch A*) 3 deg. 14 min. 
Which Arch- being taken out of the Latitude 51 deg. 32 min. leaves 
20 deg. 18 min. which is an Arch of the Meridian of the Place in- 
tercepted between the Plain, and rhe Pole of the world. 
(2.) As the Sine B O (the diſtance of the Meridjan and Horizon,) 64 deg. 41 
min. F 
Is to the Sine BS (the Arch laſt found) 20 deg, 18 min. . 
Sos the Sine B W (the Complement of the Plain's Declination) 60 deg. 
To the Sine B V (whoſe Arch AT is the height ofthe Pole or Stile above 
the Plain.) 


TL. For the Subſtile's Diſtance from the Meridian. 


TakeB V theSineof the Stile's height 19 deg. 25 min. and ſerting one foot 
in D, with the other deſcribe the Arch cc, bee | ft B, draw the right Line 


B oonlyto touch the top of the Arch « c — Then ſetting one foot of your 
Compaſſes in S, with the other take the leaſt diſtance tothe Line B o, this leaſt 
diſtance ſer from B to Y and through Y draw Y X parallel to A B, fo ſhall 
B Y be the Sine, and A X the Arch or Chord of 6 2-min. and is the di- 
ſtance of the Subſtile from the Meridian. 


AF oEanESoaRono PT 


Demonſtration from Triganometrical Calculation, 


As the Sine of B V (the height of the Pole above the Plain) 19 deg, 25 min. 
Is to the Radixs BD (90 deg,) 8 
So 15 the Sine of BS (the Arch of the Meridian between the Pole and the 

Plain) 2odeg, 18 min. 
ToB Y (the Sine of AX) 6deg, 2 min. 
Which is the Subſtile's diftance from the Meridian. 


S——— 


gitrs Z 
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IV. For the Plain's Difference of Longitude, 


TakeÞB S and ſet it from B to Z, fois B Z the Sine of 20 deg. 18'min. (the 
Arch afthe Meridian between the Pole and the Plain.) ----- Alſo take B Y, 
the Sine of 6 deg. 2 min. (the height of the Pale above the Plain.) And ſer- 
ting one foot in Z, with the other deſcribe the Arch x »: Lay a Ruler to B, and 
this Arch » &, and draw an obſcure Line thereby;till it cut the Quadrant in XM: 


. So ſhall A A be 17 deg. 38 min. for the Plain's Difference of Longitude, 


Figure 
V. 


Demonſtration from T rigonometrical Calculation : For, 


As the Sine of Z B (the Arch of the Meridian between thePole and the 
Plain) 20 deg. 18 min. 
Is to the whole Sine (or Radixs) AB go deg. 
So is the Sine Y B{the Subſtile's diſtance from the Meridian) 6 deg. 2 min. 
To the Sine of the Arch A A, 17 deg. 38 min. | 
W hich is the Plains Difference of Longitude. 


CHAP. V. - 


How by the Help of an Horizontal Dial in any Latitude, to draw 
the Hour-Lines, find the Place of the Stile and Subſtile for any 
Upright Declining Plain inthe fame Latitude. 


Ur Example ſhall be of an Upright Plain Declining from the South to- 
wards the Wez# 3o deg, in the Latitude of 51 deg. 32 min. 
Firſt, draw a right Line R T, repreſenting the Baſe: or Horizontal Line of 
the Declining Plain, 
Secondly, In this Line, affume any Point, as A, and from it draw another 
right Line A'S, making the AngleS A.T, equal to 3o deg, the Plains Declina- 
tion : Which Angle muſt be made towards the. Rzght hand of A, if the Plain 
decline Weſtward (as here it doth) or towards the Left hand if the Plain de- 
chne Eaſtward. | 
Thirdly, Upon this Point A, erecta Perpendicular tothe Line R T,for the 
Meridian Line ofthe Declining Plain, ------- And (from the ſame point AJan-* 


. other perpendicular tothe Line A S, for the Meridian of the Horizontal Dial. 


Fourthly, In any part of this laſt Perpendicular, aſſume any Point at plea- 
ſure, (as X,)and make that the Center ofan Herizontal Dial, and upon it de- 
ſcribing a Circle, ſet thereon the Hour-arches proper for an Horizontal Dial 
for your Latitude (namely of 51 deg. 32 min.) at the marks * * *, exc. - 

Fifthly, From the Center X, which is the Center, and the ſeveral Points 


* * * &c. draw right Lines, extending them till they concur or meet with 
the Horizontal Line of the Declining Pl 
9, 10, I1and 1, 2, 3, 4, 5, Oc. 
Sixthly, Upon the Center X, make the Angle A XP, equal to the Latt- 
tude, 51 deg. 32 min.and draw the Line X P, cutting the Line AS 1n P. 
Scventhly, Make A Z equal to A P, loſhall Z be the Certer of the Decls- 
ning. Dial. : | 


ain RT firſt drawn, at the Points 


Eighthly, 
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Eighthly, Upon the point B, (where the Line X P cutteth the Horizontal 
Line of the Declining Plain, R TYere& a Perpendicular, cutting the Line 
ASin'C. / 
Ninthly, Make A R, equaltoBC and draw the Line Z R, for the Sb. 
tle of the Declining Dial. | 
Tenthly, From the paint R,erect a Perpendicular tothe Line Z R,maki 
R Q equal to A B, and draw the Line Z Q for the S74le of the Declining Dia! 
Laſtly, If from the Center of the Declining Pham Z,you draw right Lines 
o theſeveral points 9, 10, 11 and 1, 2, 3, &s. (where thoſe Hoar-lines of the 
rizontal Dial did concur with the Horizontal Line of the Declining Plain 
R T,) thoſe Lines ſhall be the true Hour-lines belonging to your Declining 
lain : And fois your Dial finiſhed ; and the Stile and Subſtile in their due 


If Any ſhall think this Chapter deficient for want of Demonſtration, «let 
them know, that the Demonſtration belonging to the Firſt Chapter of 
this TraQtate, doth Demonſtrate this alſo. 
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CHAP. VI . 
{ Third Geometrical Way of Dialling : Shewing, The Manner 


how to inſcribe the Sabſtile, Stile, and Meridian-line in aft 
Plains, | 


SECT. L Definitions. | 


(I Y:the Angle of Declization is underſtood the Arch of the Horizon inter- 
Dy __ between the Plain and the Ea# or We# point toward which it 
clineth. | | 

By the Angle of Ere#ion is underſtood the Arch of a Vertical Circle inter- 
pted between the Plain and the Horizon toward: the depreſſed Pole ; 
ich in our Northern Hemiſphere is the South Pole. Wherefore the Plains 
hich lean toward the elevated Pole (which by others are called North in- 
ming, and South reclining) have evermore their Angle of EreCtion greater ' 
mn a quarter of a Circle. . And ſuch Plains as are upright or perpendicu- 
ron the Plain of the Horizon, are ſaid to be erected: go deg, 


| SECT. IL. 


In Horizontal Dials the Meridian-Line is direftiy drawn North and 
wh: and 1t is alſo the Subſtile, and the Stile hangeth over it at an Angle 
al to the Elevation of the Pole. 


SECT. IL 


In North and South upright Plains the Six-a-Clock-Line'is drawn parallet 
he Horizon, and the Meridian-Line is to be drawn perpendicular to it ; 
ithe Meridian-Line is alſo the Subſtile: over which the Stile is to hang 
nAngle equal to the Complement of the Elevation of the Pole. 


SECT. IV. 
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CTEC4--IV; A 


In North and South Plains which ſtand not upright but bowing, the Six- 
a-Clock-Line alſo is parallel tothe Horizon. And the Meridian-Line is per- 
pendictflar thereto; being alſo theSubſtile. But the Angle which the Stile 

 maketh-with it is thus found out. Add the Angle of Erection to the Height 
of the Pole, and the Aggregate thereof ſhall be the Angle of the Stile's Alti- 
tude to be accounted from the upper end of the Meridian in South Plains, 
but from the lower = pry P _ | | A 

If the A ate be juſt go deg. the Plain is parallel to the inoctial, 
If it be raſh 180 deg. the Plain 1s paralle] tothe Sixth Horary Cictl and CON- 
ſequently to the Axis of the World : and hath therefore'no Center. If it 
exceed 180 deg. ſubdutt 180, and the Arch remaining ſhall be the Altitude 
of the contrary Pole. 

For it is to be noted that in our Northern» Hemiſphere in all kind of North 
Dials the North Pole is elevated, and the Stile pointeth upwards from the 
Center: andin all kind of South Dials the South Pole is elevated, and the 
Stile pointeth downwards ; except in ſuch caſes wherein it is Fequired other- 


wiſe, | 
"ER LL, 


Ea# and We# Plains are parallel tothe Meridian or Twelfth Horary Circle; 
and conſequently to the Axi of the World: and have therefore neither 
Center nor Meridian-Line. And in them the Subſtile is a Line drawn up 
toward the North from a Line parallel to the Horizon, atan Angle _ to 
the Elevation of the Pole: and1s therefore parallel to the Axi of the World, 


_ _=_ ———_ - —— 


CHAP. VIL 


A general way for the In _ of te Subſtile, Stile and Mert- 
dian, in all Declining Dials. TR, 


Figure Rraw along line parallel to the Horizon, and note the Ex# and We# 
[. ends thereof: croſs it with a perpendicular line,being theDiameter,def 
cribeaSemicircle that way toward which theDeclination iseither Ea# orWef, 
Then beginning at the upper end of the Diameter if the Plain ſtand South- 
ward, or elſe at the lower end, if it ſtand Northward (but contrarily in the 
Southern Hemiſphere) reckon upon the Semicircle theſe three Arches, name- 
ly the Elevation-of the Pole, the Declination of the Plain, and the Erection 
thereof. - To the end of each of theſe Arches draw a Line out of the Center 
A, But the Line of the Declination muſt be extended beyond the Center, 
Takealſo on the firſt line the point B toward the Semicircle where you ſhall 
ſee convenient : and through the point B draw a Line parallel tothe Diame- 

ter, cutting the Line of erection in E, and the Line of the Pole's Altitudein 
C. Then on the Line of Declination beyond the Center meaſure A P equal 
to B C, and through the point P draw a long line parallel alſo ro the Dia 
meter called therefore the ſecond parallel. Alſo from the point E draw 
long line for the Horizon parallel to A B, cutting the line of Declination 

D, the Diameter inG, and the ſecond parallel ia F. Fe - 
ga 


© 
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Again from the Center A uponthe Diameter toward the contrary end to 
that where you began to reckon the three Arches, meaſure A Lequal'to A 
and through L draw the Prohorizon porn! alſo to A B —_ the ſecon 
carallel in H,and thereon meaſure L, M equal to DG direQly underit: 
Draw AM for the Meridian-line - © © SEES «I 

Laſtly, on the Line of Ereftion meaſure A N equal toP PF, and from the 
point N draw the Line N O parallel to the Diameter: and on the ſecond pa- 
rallel from the point H meaſure H'S toward the Horizon equal to N 0 
And from the Center draw A. S for the Subſtile, oyer which the Stile muſt 
ſtand perpendicularly having at S the height of the line A O, wherefore up- 
onthe point S ereQt the Line S Z perpendicular to the Subſtile and pos! to 
the Line A O, and froin the Center draw AZ for the Stile, fo that the an- 
ole Z AS ſhall be the height of the Stile above the Subſtile. and. 

Notethat if the point P fall not between the Horizon and the Prohori 


the contrary Pole ſhall be elevated, and therefore the Subſtile and Stile ſhall 
be drawn forth on the other ſide of the Center, as it is done in the ſecond Fi- 


e | I | 
And if the point P fall on the Horizon, the Plain is parallel to fome one 
Meridian Circle, and confequently to the 4x# of the World, and hath 
therefore no Center. | An example: of this kind hana it is miſtaken by 
To bn ns Oh SAP 

And if the Declining Plain right-or e go aeg. the Horizon ſhall 
bethe Line A B, and the ohottzon oo A drawn parallel to it at the di- 
ſtance of the Line A B, and the point S. ſhall fall upon the F agg! H, vpon 
which the Stile ſhall have height equal-alſoto P F. -And the Line or Dia- 
meter A L ſhall be the Meridian. | oy 4% 4. eff 

D, 

tring the concurrence of the Line of Declination with the Horizoh, will | 
will not fall with your Paper, you may find out the Angle LAM for the 
drawing of the Meridian Line, thus. | | 
thereon meaſure « A equal to the ſine 68: thendraw the Linea parallel - Y 
tothe Line df Declination. Laſtly, our of the Center'draw A j: So have 
you the Angle a A ſought for. GE ht 


If the Arch of Declination chance 'to be ſo great, that the pgidt 
Draw a Line « e as in Fg, I. touching the Semicircle in the Diatneter : ind 


{4 
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CHAP.” VI. IS Sa 
II. The manner bow to inſcribe the re$t of the Hour-lines. 


Ake the point R ae upon the Subſtile formerly inſcribed ; and p;o,y. 

through itdraw a long 1:ne ey \T'RY for the Contin- fit. 

gent line: and where theContingent line crofleth the Meridian lin that 
int with the letter K. Then meaſure the neareſt diſtance of the Stile 
m the point R, and ſet R Q upon the Subſtile & to 1t : Q ſhall bethe 
IB Center of the inoQtialCircle: deſcribe therefore the Aquino&tialCir- 
I cle of what bignels you willupon the Center Q. And laying your Ruler up- 
 *n the Center Q andthe point K, the Interſetion of the Meridianand Con- 
I tingent lines, draw the Line Q K X cutting the AquinoQtial Circle in X. 
| This Line QK X is the Meridian line of the AquinoQtial, at which you 
muſt begin to divide that Circle. Divide it therefore (beginning at X) into 


1 i <4 Parts. - X 7 
| C c Then 
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Then applying your Ruler unto the Center Q and-each of thoſe Diviſi. 
ons which are in the two Quadrants of the Xquinoftial next to the Contin. 
it line, where in every place your er cutteth the Contingent, mak 
there obſcure Pricks. And out ofAt ce Centerof the Dial each c 
thoſe obſcure Pricks draw fair oh lies for the Hour-lines. .. And by conti. 
og Hour-lines through the Center you may fill up the whole 24 
' Bur if the Dial have noCenter, the Hour-lines muſt be drawn parallel to 
the Subſtile: andthe height ar which the Stile ſhall hang parallel above the 
Subſtile, ſhall be,equal to the ſpace between the Contingent line, and the 
Cehrer of the AquinoQtial, that is equal toQ'S. - WAY; 1, 5c 
The Hour-lines beirig drawn ruſt be noted with their proper figures be- 
inning at the Meridian, or Noon, or: 12 a-clock-line: and from thence 
etting down the morning Hours on the We# de; and the afternoon Hours 
in order of. the Ea# fide. And the Dial will be more artificial and ſeely if 


yoli otniit all thoſe Hours which ſerve not for uſe at ſome time. of the oor: 
:. Orizon 
c 


Now concerning ſuch Dials in which the point P falleth on the 
. (anexample whereof is in the ſecond figure followi al point 
M falleth upon S, yet the Subſtile (by reaſon of the obliquity of the Plain of 
the Meridian unto the Plain of the Dial) ſhall be diſtracted from the 12 a- 
clock-line: In which caſe you ſhall find out the Meridian of the Aquino- 
noQial thus, Through the point 5, in which the Line of the EreQion 
cutteth the Semicircle, draw »y & parallel to the Diameter, then mn pol 
hive yan ved: » the Sine of theComplement of the Elevation of the ole, 
and ſctting one foot in yy With the other foot deſcribe « in the Line AB, a 
thereuntodraw the Line y =. en upon the ZquinoCtial Circle from the 
Subſtile meaſureout the Angle A Q X equal tothe Angle x 8, downward 
if the Plain be South, but upward if it be North. ſo ſhall you: have 
QKX the Meridian of the AquinoQtial, whereat you muſt begin to di- 
vide thar Circle. 
The example in Fg. III. may ſerve for all Dials having Centers: if withal 
you remember that in ſuch Dials which have the ſame Line both for the Me 
 ridian and Subſtile, the ſame Line alſo is che Meridianof the XquinoQtial, 
which you muſt begin to divide. | | | 
' - , The example in Fig. IV. may ſerve for all Dials having no Centers: | 
withal you remember that in Dials parallel to the Plain of the Sixth Horary 
circle, the ſame Lincis the Subſtile, and the Meridian both of the Dial and 
of the XquinoQtial. And that in Ex#and We# upright Dials the Meri: 
dian of the AquinoQial is that Diameter thereof, which is parallel to the 
Conr; line © | | 


The End of the Second TraQtate. 
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INSTRUMENTAL 


DIALLINGEG 
' Performed by EI! 
Scarts of Natural Sins & T ancetnrts. 


Shewing (by an eaſie Artifice) in any Latitude,how 
Hour-Lines may be deſcribed upon all kind of 
Plain Superficies ; by Referring all Declining Re- 
clining Plains,to New Latitudes and New Decli- 
nations ; where they ſhall become only Uprzght 
Decliners. | 


AND 


How the ſame Work may be performed, by Trigonometrical 
Calculation, by the GANONS of Artificial SINES & DANGENTS. 


The Third TRACT ATE. 


PROEME EE. 
T: this Tratate T ſhall be very brief, the manner of making of Sun-Dials 


by help of theſe Scales being very ecaſie toperform,and no leſs delightful 

to put in Praftice; And;the manner of working being (almoſt) the ſame 

in all Czſes, T ſhall not need to give yg in all Varieties of Plains 

but in Oxe or Two,which will be ſufficient for all Caſes. For one Example may 
very well ſerve for all Vertical or Horizontal allDire& North and South Plains, 
whether Erect, Reclining or Inclinins : And another Example of an Upright 
Plain, Declining from the North or South, towards the Ea# or We# : For all 
other Plains, as Diret# Eait or Wet Recliners or Incliners; as alſo of all North 
and South Recliners or Incliners, which Declixe alſo ; Thoſe (by the Artifice de- 
livered in this Traate) may be Reduced to aNew Latitude, and a New, Decli- 
nation in that Latitude, where they ſhall ſtand as Upright Declining Plains. 
And, foraſmuch, as all Inſtrumental ways (at the belt) are ſubyjeCt to fome in- 
conveniencies in many Caſes, I have therefore alſo framed Canons, whereby 
this Artificial way of Referring Declining Reclining Plains to NewLatitudes and 
ew Declinations, where they may ſtand as Upright Plains, may be perfor- 
ned by Trigonometrical Calculation, by the Canons or Tables of Artificial Sines 
and Tangents. | CHAP. 
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a y erticol A Horizontal, as alſo of Dire North or South Eref, 
or Reclining and Inclining Plains, bow to deſcribe Hour-Lines 
upon them. KAY 


Hat theſe ſeveral Plains are, hath been alteady ſhewed in Chap 3. 

Traitate T, ' And that there is nothing in all theſe Plains required 

to be known before Heur-lizes can be drawn upon them, but the Latitude of 

the Place and Reclination pr Inclination of the Plain: And how that may be 

attained isalſd: ſhewe4t large inthe 14th and x6th Chapters of the Firft 

TraRate.. And therefore to paſs by the finding of 'thoſe things I will im- 
mediately proceed to Examples. ny LY. | 


Suppoſe therefore, that a Direct South Plain, 1n the Latitude of 32 deg, 
' +» » *. ſhould Recline from the Zenith 28 deg. 


By the forementioned Chapters, the Height of the Pole above ſuch a Plain, 
would be found to be 3o deg. For 28 deg. the Reclination of the Plain being 
Subſtraed from 58 deg, the Complement of the Latitude, the Remainder 
will be a ſo-much is the Pole Elevated above the Reclining Plain. 
Which known; the Dial may be made as followeth. 5 

Fioure , 1+ Draw two right Lines, one for: the Meridian, and Hour-line of x2; 
5 the other for the Horizon, and Hour-live of. 6 ; croſſing at right Angles in 
* ©, the Center of the Dual. | : xa 

2. In all theſe Horizons, Dire&t North or South Plains, whether Eref, 
Reclining or Inclining, Take [always] go deg. out of the Scale of Sizes, (or 
45 deg. out of the Scale of Tangents, which is equal thereto) and ſet that 
diſtance upon the Meridian Line, from O, the Center of the Dial, to X. 

3. Out of the Scale of Sines alſo, take the height of the Pole above the 
Plain (in this Example 3o deg.) and ſet them from O to A, and from O toB, 
and draw the Lines AX and B X. 

Fiowwe 4 Forthefindingof the Hour-points,you muſt draw a rightLineas C ED, 
8 and taking 45 deg. from your Tangent Scale, with that diſtance, upon E as a 
* Center, deſcribetheSemicircle CF D: Alſo, from your Scaleof Tangents take 
15, deg. (or one hours Equinoctial Diſtance,) and ſer them from E to IT, like- 
wiſe, take 3o deg.and ſet them fromEtoI. AndatE fet EJII. — In like 
manner, the whole Hour-ſpaces E III: E1I: E1, being thus pricked down 
upon the Line E D, you may inſert between them the Equinottial Diſtances 

for the Halves, and Quarters of Hours, by taking 3'deg. 45 min. for one 
Quarter, 7 deg. 3o min. for half, and 11 deg. x 5 min. tor 3 quarters ofan Hour, 
out of your Tangent Scale, and ſetting them from E to 1 2 3 for the quar- 
ters of that Hour Alſo 18 deg. 45 min. — 22 deg. 3o min. and 26 deg, 
x5 min. will dividethe Space between the Heur-points of I and II intoQuar- 
ters alſo —— And Laſtly, 33 deg. 45.min. — 37 deg. 3o min. and 41 deg, 
15 min, will divide the Space between the Hour-points of I and D into Quar- 
ters likewiſe: And ſois your Semicircle, or Hour-Scale E D, rather, divided. 


And 
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And here Note, That this Semicircle, or Howr-Scale being thus prepared, it 
is ready to find the Hour-points, not only in theſe Dre Plains, but in 


all upright Declining Plains alſo And now let us proceed to finiſh 
the Dial. 


5. Take in your Compaſlesthe length of the Line A X or B X,and ſetthat 
diſtance upon the Semicircle from D to 4, and draw the Line C a. 

6. Set one foot ofthe Compaſles in the Hour-point of 1, in the Line E D of 
the Semicircle, and with the other take the leaſt diſtance to the Line C a, 
which ſet upon theLines A X and B X, from X to 5 and from Xto 7, and alſo 
from A to 11, and from Bto 1. —— Again,Set one foot of your Compaſſes 
in the Hour-point of II, in the Line E D of the Semicircle;and with the other 
take the neareſt diſtance to the Line C «, and ſet that diſtance upon the Lines 
A Xand BX of the Dial, from X to4,and from X to 8: and alſo from A to 2 
and from B to 10, _—— Laſtly, the leaſt diſtance taken from'E (or III the . 
third Hour-point in the Semicircle)to the Line C a, mult be ſet upon the Lines 
AXandBX from X to 9, and from N to 3. | 

7. Lines being drawn from O, the Center of the Dial, through the re- 
ſpeQive Points 1, 2, 3, &c. 11, 10, 9, &c. they ſhall be the true. Hour-lines 
belonging to the Reclining Plain. 

8. Laſtly, The Stile muſt ſtandupon the Meridian Line OX (which is al- 
| 3 the Subitile) making therewith an Angle of 3o deg. and fo is the Dial 
uſhed, | 


Note, Inthe ſame manner as you found the Points for the whole hours, by 
taking the leaſt diſtances from the hour-points of I. II and III, to the 
Line C a; So may Points for the Halves and Quarters of Hours be found 


1 by taking of the leaſt diſtances from the Points 1, 2, 3 to the fameLine 
: C 4. | 

# = | Das 
r 
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© W Of Upright (or Ere& ) Declining Plains, and how to find the Place of 
, the Stile and Subſtile ; and to deſcribe Hour-Lines upon ſuch De-- 


, clining Plains in any Latitude. 
+ Et it be required to deſcribe Hour-Lizes, and to find the place of the 
a Stile and Subſtile upon an Upright Plain, Declining from the South to- 
” BL wards the Ex# 20 degrees, in the Latitude of 46 deg. EET 
- 1. Draw a right Line perpendicular to the Horz207 tor the Meridian of the Figure 
: Place, and Hour-line of 12. Towards the upper part thereof, if the Plain 1, 
E behold the South, as here it doth (or towards the lower part thereof it the 
- Plain had beheld the North) aſſume any point, as G, for the Center ofthe 
' WW Dial. 


2. Out of your Scale of Tangents take 46 deg, the. Latitude of the Place, 

Þ' andſet them from G to H. Allo, from the ſame Scale take 44 deg. the Com- 

plement of the Latitude,and ſet them from G to Q and from H to K,making 

2 | G Qand H K perpendicular toGH, and then draw QK which w 11] be paral- 

4, | {£1 and alſo equal toG H._ ES = Rr 

3, From the Scale of S77es take bd og: the Plain's Declination, _ ſet 
? them 


»» INSTRUMENTAL DIALLING. 


them from Hto L, and from Qto R, through which points, draw GL for 
the Subſtile of the Dial, and G R for the Hour-line of Six, which Hour-line 
of Six you muſt draw quite through the Center of the Dial, . 

4. Take 70 deg. the Complement of the Plain's Declination, out of the 
Scale of Sines, and ſet them from G to 12, upon the Line GH, and from L to 
M, making M L perpendicularto G L ; and, through M, draw G M forthe 
Stile of the Dial. | 

5. Our of the Scale of Sines take 44 deg.the Complement of the Latitude, 
and ſet them upon the Line'G Q, from G toP, and through P, draw a Line 
P 6 Parallel toG H,cutting the Hour-line of Six in 6, 

2. Take in your Compaſſes out of your Dial-plainthe ſhorter Line 12. 6, 
and repairing to your Semicircle,ſer it from D to 6,and draw theLine C b6, — 
Alſo take the longer Line 12.6,and fet it upon the Semicircle from D toc, and 
draw the Line C c, | 

$. From the Hour-point of I. in the Hour-ſcale, or the Semicircle, take the 
leaſt diſtance tothe Line C 6, and ſer that diſtance upon your Dial from 12 to 
7, and from 6 to 11 —— Alſo take from the point II, the leaſt diſtance to 
the Line C 6, and ſer that diſtance upon your Dial from 12 to 8, and from 6 
to 10 And the leaſt diſtance taken from III or E, to the Line C b, 
muſt be ſet upon the Dial from 12, or 6, to 9, And thus are Points for Six 
of the - an_ found. In like manner, take the leaſt diſtance from the 
Hour-point of I, to the Line C c, and fer that diſtance upon the Dial from 12 
to 5, and from 6 to 1.-— Alſo the leaſt diſtance from1I to Cc,muſlt be fer 
from 12 to 4,and from 6 to 2. -— And Laſtly,che diſtance from III or*'E, 
to Cc, mult beſet from 12,0r 6,to 3. And fo have you points for all the hours, 

Through which right Lines drawn from the Center, ſhall be the true 
Hour-lines required to be drawn. 

In the ſame manner may the Halves and Quarters of Hours be inſerted; 
And for the Stile ofthe Dial it muſt ſtand Perpendicular upon the Subſtilar 
Line G L, making an Angle therewith equa] to the Angle MG L. And fo 
will your Dial be finiſhed. 


hf Þ 0 '' 


Of Eaft and Weſt Reclining or Inclining Plains, 


Heſe Ea# and Weit Reclining and Inclining Plains may be deſcribed 

and drawn by the dire&ions of the laſt Chapter; If firſt, you find 

out in what Latitude ſuch an Ea# or Weſt Reclining Plain, will be an 

Erect or Upright Plain; And alſo, what Decl:nation that Upright Plain ſhall 

have in that New Latitude : And in Ea# or We#t Reclining or Inclining Plains 
this New Latitude and New Declination may be eaſily tound : For ; 


1. The New Latitude will be (always) the Complement of the Old Lat 
tude, And; 


2. The New Declination will be (always)equal to the Complement of the 
Reclination in the Old Latitude, 


Example : Suppoſe, that a DireQ Ea# or We#t Plain in the Latitude of 35 
deg. ſhould Recline from the Zenith 26 deg. 3o min. In what Latitude wil 


this 


this Eat Reclining Plain be an Upright Plain? And what Declination ſhall 
it have in that New Latitude ? 

1. The Od Latitude 1s 35 deg, the Complement whereof 55 deg, is the New 
Latitnde. 

2. The Old Reclination 1s 26 deg, 3o min. and the Complement thereof 63 
deg. 30 min. is the New Declination, - Wherefore ; | 

If you make (by thedireCtions of the laſt Chapter) an Upright Dial, De- 
clining 63 deg. 3o min. 1g the Latitude of 55 deg. That -Dial ſhall be the 
fame witha Dire Eaft Dial Reclining 26 deg, 3o min. in the Latitude of 


35 deg. 


Only this is to be remembred, That in all Upright Plains the Hour-line 
of 12 ſtands Perpendicular tothe Horizon, and inall Eaſt or Weſt Recli- 
ners the Hoar-line of 12 muſt lie Parallel to the Horizon. 


An Example of an Eaſt or Weſt Reclining Dial,you have in the 14th Chapter 


of the Firſt Trafate, Fig. IX. 


Note moreover, that when the New Latitude and New Declination are 
found as before, the Upright Dial muſt be drawn tothe New Latitude 
and New Declination, and not to the Old, 


G-H AF. IV; 


Concerning North and South Plains, which ds both Decline 
and Rechne. . 


He beſt way to deſcribe Hour-lizes upon theſe kind of Plains, will be: 


1. To refer them to a New Latizude where they may be Upright Plains : 
And; : 

2. To find what Declination they ſhall have in that New Latitude: And ; 
3. To know how much the Meridian (or Hour-line of 12) muſt aſcend a- 
bove, or deſcend below the Horizontal Line of the Reclining Plain: And ; 
4. Whichway (or to what Coaſt ) that Aſcenſion or Deſcenſion muſt be: And ; 
5. How the Dial (being drawn upon Paper, according to its New Lati- 
tude and New Declination) is to be transferred from the Paper Draught 

upon the Plain, 


And to find theſe Five Requiſites, and to transfer the Dial to the Plain, 
ſhall be the work of this Chapter. | | 

Let it be required to find the Five forementioned Reguifites, in a South 
Plain which Declineth from the Sourh Weſtward 24 deg. 20 min. And 
Reclineth from the Zenith 54 deg. 


I. To find the New Latitude. 


x. Deſcribe aSemicircleBD A, whoſe Diameter B A, let bemade equal to p; 


90 deg. of your Scale of Sines, or to 45 deg. of your Scale of Tangents, which 
iS all one; Then: 2. Take 
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are 


V. 
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2. Take 36 deg. the Complement of the Plain's Reclination, out of your 
. Scale of Targents,and ſet them upon the Semicircle from B to D,drawing the 
Lines A D, and B D. 
3}. Take 65 deg, 40. min. the Complement of the Plain's Declination out 
cf the Scale of Sines, and ſet them from A to C. 
4. Set one foot of the Compaſſes in C, and take the neareſt diſtance to 


A D, which diſtance ſet from AtoE; ſo ſhall A E-meaſured upon the Scale 
of Taxpents, contain 33 deg. 3o min. : 


Note 1. In South Reclining Plains, (as this our Example is) this Tangent 
laſt found (wiz. 33 deg. 3o min.) muſt be compared with the Latiugde 
of the Place, 51 deg. 3o min. and their difference is 18 deg. whoſe 
Complement 72 deg, is the New Latitude ſoug ht. 

Note, 2. 1t the tourth "Tangent laſt found had proved to be equal to your 
Latitude, the Plain would have been an Equinodial Plain: Itleſs than 
the Latitude (as here 1t 1s,) the contrary Pole (viz. the North Pole) is 
Elevated, 

This Rule for South Recliners, But for North Recliners, 

Note , That the Fourth Tangent laſt found, muſt be compared with the 
Con:plement of the Latitude of the Place; And it it prove to be equal 
thereunto,the Plain is a Polar Declining Plain. Bur if it be greater 
or leſs than the Complement of the Latitude, the difference between 
them is the New Latituae. | 


11. To find the New Declination. 


Fiaure 1. Take 36 deg. the Complement of the Plain's Reclination, out of the 
Ty. Scale of Sizes, and ſet them from B to F, and draw the LinesB F and A F. 

2. Take 24 deg, 20min, the Plain's Declination, out of the Scale of Sines, 

and ſet them from A to G. | 

3. From the Point G, take the ieatt diſtancerothe Line F A, and ſet that 

diſtance from A to H ; So ſhall the dilftance A H meaſured upon the Scale of 

Sires, contain 14 deg. 1 min. And 16 much is the New Declization, in the 
fore-found New Latitude, EE 


Note, "That the New Declinatioz thus found, is [always] leſs in Quantity 
than the Old Declination was; But it is [always] to the /ame Coa#t, that 
is to ſay, from the North or South, towards either Eait or Wezt, as the 
Old Declination Was. 


ITE. To find the Meridian Aſcenſion or Deſcenſion. 


. 1. Take 24 deg. 20 min. The Plain's 0/4 Declination, out of the Scale of 
Figure Tangents, and ſet them from Bto K, and draw the Lines BK and A K. 
We ts. Take 54 deg. the Plains Reclination , out of the Scale of Sizes,and fet 
them from A to L. | 
2, Take the leaſt diſtance from L, to the Line A K, which diſtance fet 
trom A to M, and A M, meaſured upon the Scale of Tancents will give 20 
deg. 6 min. for the diſtance of the Meridian from the Horizon. 


IV. To 


IV. To find which way (or to what Coaſt) the Meridian Line, 
Aſcending or Deſcending above or under the Horizontal 
Line of the Plain, tobe drawn. ; 


e laſt Se#ion of this Chapter taught how to find the quantity of the 
hagke which the Meridian makes with the Horizontal Line of the Plain : 
Now it reſteth to let you know, to, what Coa#, it muſt be drawn, aad alſo 
whether it muſt be drawn to aſcend above, or deſcend below the Hotizori- 
tal Line of the Plain: For which take theſe 


_ General Rules. 


. 


Leſs than EquinoCtial, the tal Line, which lies con-._ 
Meridian muſt be drawn, ) trary to the Coaſt of the 


above Foy end of the Horizon- 
% Plain's Declination:; 


{ MorethanEquino&tial,the Line, which lies the ſame 
Meridian muſt be drawn, way with the Coaſt of the 


p above CPlain's Declination. 


1 above \ That end of theHorizontal 
Line that looks the ſame 


WM That end oftheHorizontal 


LethanaPolai, the Me-J = ppt omar ng 
| ridian muſt be drawn, this Meridian thus drawn 


| _ [1n North Recliners, repre- 
| below ſents I2 at Midnight. 
| 


Equal to a Polar, the Meridian muſt be drawn below the 
Horizontal Line at that end which is contrary to the Coaſt 

of Declination, and the Six of Clock Hour-Line is always - 
the Subſtile. | | 


| (below And from thatend of the 


| | lies contrary to the Coaſt 
Morethan a Polar,the Me- | 1 of the Plain's Declination 
/{ ridian muſt be drawn, -— And in South Incliners 
| | x 8 onl ——_—_ » 
| | help to draw t 
| [are (nn 


- 


Horizontal Line, which - 
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.V. How the Dial (being made according to the New Latitude 
and New Declination) is to be transferred fram the Paper. 
Draught, upon the Plain. | 


Having drawn an Horizontal Line upon your Dial Plain, in the moſt con. 
venient part thereof, and made choice of a Point therein for the Center 6 
your Dial, apply the Center of your Paper Draught to this Center, movin 
the Paper Draught about, till the Meridian Line of the Paper Draught dg 
make an Angle with the Horizontal Line drawn upon the Plain,equal to what 
youfound it to be by the Third Sefioz of this Chapter, and to its proper Coa# 
as you found it ſhould, by the Fourth Seftion hereof, then (if you have no 
erred in any of your former workings) will the Szile of your Paper Draught, 
(or rathera pattern thereof cut out in Paſt-board) being placeduponthe Su. 
ftile of your Paper Draught, have direct reſpeQ to the Elevated Pole, And 
thus,due reſpect being had to what is here delivered,you may eaſily transfer 
the Suftile and the reſt of the Hour-lines to the Plain, putting thereon ſo ma. 
ny as the Plain is capab'e to receiveatany time of the year : And leaving out 
ſuch as may be {uperſiuous. 


q From this way of making of Declining Reclining Dials by transferring 
them to a/New Latitude and a New Declination where they may be Vp. 
right Declining Plains only, it will fometimes ſo fall our, that this Nev 
Declination may be very great, and then,the beſt way todraw ſuch Dial 
will be - theDireAions given in the 13:-Chapter of the Firſt TraRate, 

0, 


—— Alſo, ſometimes the New Latitude will be very great, and ſome. 
times very ſmall, and then the Precepts for finding of the Place of the 
Sabftile, Stile and Hour-line of Six in the Second Chapter of this Trattate 
will, in ſuch Cafes, be thought inſurhicient, or (at leaſt) inconvenient: 
To remedy which the following Chapter is added. 


— 


GHAT V. 


How to find the Place of the Subſtite, Stile, Hour-line of Six; 
in.all Upright Declining Plains, in ſuch Latitudes where th 
Pole bath either very Small or very Great Elevation. 


' T Hereasthe Precepr delivered in the Second Chapter hereof, will be 

only convenient in theſe Middte Latnudes; namely, between zo 

: and 60 deg. Yet by the referring Declining Rechning Plains it 

One Eatitude to Upright Declines only, in another Latitzde, that New Lai 

Leap fall qut to beeither very Great or very Small, and howto 
with upright Declining Plains in ſuch Latitudes ſhall be here taught. 


I. Where the Latitude is but Small. 


Suppoſe that a Declining Reclining Plain, in ſome one Latitude, being 
ferred to a New Latitude and New Declination, the New Latitude ſhould & 
found to be 20 deg. and the New Declination 30 deg. To find the Place of tix 
Sabſtile, Stile, &c. (the Latitude being but Small, vis. 20 deg.) proceed 
manner following, | 1. Dras 


| 

[ 

, 
x 
d 
[ 
J. 
nt 


INSTRUMENTAL DIALLING. 


107 


1. Draw a right Line A B 12, for the Meridian and Hour-line of 12in "7 


which Line make choice of a Point convenient for the Center of your Dial, 
as A. | | 

2. Out of your Scale of Taxgents take 45 deg. (for the Radims) and ſet them 
f-om A to C, drawing the Line A Cat right Angles to the Meridian Line A 
12,—Alſo, Take 20 deg. (the Latitude) out of your Scale of T angents, 
and ſet them from A to B,—— Then make CD equal to AB, and BD e- 
qual to AC,conſtituting the right angled Parallelogram ABCD, and draw- 
ing the Diagonal Line C B. 4 ; 

2. Our of your Scaleof Sines, take 3o deg, (the Plain's Declination) and ſet 
them from Bto E, and draw the Line AE for the Szbſtile of the Dial. 

4. Through the Point E, draw the Line E K parallel to C B, cutting the 
LineCDin K, and through the Point K, draw the Line A K for the Hour- 
line of Six, extending it through the Center of the Dial on the oppoſite Side 
of the Piain. | 

5. Upon the Point E, erect a Perpendicular to the Line A E, and out of 
your Seale of Sines, take 6o eg, (the Complement of the Plain's Declination) 
and ſet them from A to 12, and from Eto F, drawing the Line A F for the 
Stile of the Dal. | 

6. Take 70 deg.(the Complement of the Latitude) out of your Scale of 
Sines, and fer them from A to H, and draw the H »», parallel co A B, cut- 
ting the Hour-line of Six in 6; And make A 6, above the Center of the Dial, 
equal to A 6 below the Center ; and draw the Lines 72.6 and 12. 6. 

7. Laſtly, if you take theſe rwo Lines 12.6 and 12.6 in your Compaſſes, 
and put them into your Semicircle (or Hour-Scale, Figure ITT) you may di- 
vide them therefrom as before in Chapter 2, ar the Foints 5,6, 7, 8,9, 10 
and r1, And alſo at 1,2, 3,4 and 5. Through which Points Lines being 
drawn they ſhall be the true Hour-lines. 


II. Where the Latitude is Great. 


If a Declining, Reclining Plain being referred to a New Latitude, that 
New Latitude ſhould be found to be 70 deg. in ſuch Great Elevations of the 
Pole, work as followerh. 


1, Draw a right Line for the Meridian, and Hour-tine of 12, as ART, al- Figare 


ſuming the Foint A for the Center of the Declining Dial. 


Pn Out of your Scale of Tengents take 45 deg.(or the Radims) arid ſer them 
rom A to B. n _ 

3. Take 20 deg. the Complement of the Latitude,. out of the Scale" of 
Tangents, and ſet them from A to C, and from B to D, and draw the Line 
CD, conſtituting the Right-angled Parallelogram, A BCD. TA, 

4. Out of your Scale of Sines, take 30 deg. (the Plain's.Declination,) and 
ſe: them from B to R, and from C:to G; and draw the right Line G R, 
cutting the Line B D ia E —— Thea draw,the Line AE for the Subſtilar 
Line of your Dial, and AG for the. Hoer-lize of Sizx ; which contgnuerhro? 
the Center of the Dial A. Non Kt RY 

5. Take 60 deg. (the Complement of the Plain's Dechnatian)-out of the 
Scale of Sines,and ſet them from G to P (upon, the Line C D cominued)and 
trom Rto T, and Tow A to + 4p CI DY | 

6. Drawa ri ine, t oints tending it tall it cut 
the Line B D (that being ed] in the Point 0. 

7. Upon the Point E, erett a Perpendicular to the Line A E, making EF 
£qual to E O, and draw A F for the Stile of your Dial. OY 
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8. Take 20 deg, (the Complement of your Latitude) out of the Scale of 

9 ines, and ſet them trom A to H, and draw the Line H 6 paralle! to AB, 
Cutting the Hour-line of Szx 1n 6. 

- 9. Make A 6 above the Center, equal to A 6 below the Center, and draw 

the Lines 12.6 and 12.6. | 

© Laſtly, Theſe two Lines 12.6 and 12.6 being put into the Semicircle (or 

Hour-Scale Fig. 11. you may divide them in the Points 5.6.7.8.9.10.11 and 

1.2.3.4 and 5. So Lines being drawn trom A, through thoſe Points, ſhall be 


the true Howr-lines for the Declinins Reclining Plains, 1t being referred to 
this New Latitude and New Detlination. 


a> — —_ —_— 
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CHAP. VI. 


How the Work of the Fourth Chapter is to be performed by Trigo- 
nometrical Calculation, by the Tables of Artificial Sines and 
Tangents. 


HE beſt of I=//rumental Operations are ſubjeCt to inconveniencies in 

ſome Caſes ; and therefore 1 have added this Chapter, ſhewing how 

the Work of the Fourth Chapter may be performed by Calculation, which 

of all other ways muſt have the preheminence: And that rhe harmony there 

is between Inſtramenta! Operation and Artthmetical Calcalstion may the plain- 

er appear, I will take for an Example, the ſame Example of a Declining Rex 
dining Plain, that is in the forementioned Fourth Chapter, viz. 


Declining We#t 24 deg. 20 min. 
South , 


CLainud 51 dep, 30 MIB, 
Reclinins 54 deg. 00 min. 


I. To find the New Latitude. 


As the Rains, go deg. 10.000000 
Is to the Co-ſine of the Old Declination 65 deg. 40 min. 9.959596 
So is the Co-tangent of the Reclination 36 deg. 9.361261 


—— 


To the Tangent of 33 deg. 3o min. 9.820857 


Note 1. Tn Sozth Recliners (as this Example 1s) this Fourth Tangent found, 
| viz, 33 deg. 3o min. muſt be compared with your Latitude, and the 
Complement of their Difference in the New Latitzde ſought for : So this 

0 == 20 min. being Subſtrated from the Latitude 51 deg. 3o min. 

_ . the Remainer 18 deg. ®B the VEW LATITUDE. 

Norte 2. If this Fourth Tangeat prove ta be Eqaa/ to your Old Latitaae, 
the Declining Reclining Plain will be an EQUI. TAL PLAIN, 

Note 3. It Ke ba 7p ons. oa prove to be Ag | 

More?t Nort . FSout be and 

We perry oy + Pole is Elevared iny 172, > Decliners. 


. 
& 
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In North Recliners. 


Note 1. The Fourth Tangent is to be compared with the Complement of 
the Old Latitude, and their Difference is the NEW LATITUDE. 
Note 2. If the Fourth "Tangent proye to be Equal to your Old Latitude 
the Declining Reclining Plain will be an ECvIN TIAL PLAIN, 
DECLINING. 


I. To find the New Declination. 


As the Radius, yo deg. 10.000000 


To the Co-ſine of the Reclination 36 deg. 9.769213 
So is the Sine of the Old Declination , 24 deg. 20 min. 9.614944 


To the Sine of I4 deg. 1 min. | x9.384162 
Which 14 deg. 1 min. is the New Declination 


III. To find the Angle made b-tween the Meridian and the Horizon. 
As the Radius, go deg, | 10.000000 


A 


Tothe Tangent of the Old Declination 24 deg, 20 min: 9.656347 
$ is the Sine of rhe Reclination 54 deg, 9-997957 


To the Tangent of 20 deg. 6 min. 29. 563304 


Whoſe Compiement be deg, 5.4 min. is the Angle that the Meridzan muſt 
make with the Horizontal Line of the Reclining Plain. | 


For rhe manner how the Meriaar is to be drawn, whether to aſcend aboue, 


or to deſcend belaw the Horizontal Line, the Fourth Section the Fourth 
Chapter hereof, will direct. 


on : | © a. 
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Anither Way, by the Scale of Sines only, To deſcribe Hout-Lines 
57 
upon Dire and Declining Plains. 


he TI. For Herizont:! North or South Plains either Upright or Reclining, 


Luadrant ABC. Alſo take out of the ſame Scale the reſpective 
de, I >0eS of the EquinoQtial hoar diſtances, as of 15,30,4 a5or ,and 75, and prick 
'N, hem down upon the Semidiameter of the Quadrant AC from A at the points 
 F£:5,30,45,60 and 75, and through them draw right Lines parallel to the Side 

A B of the Quadrani, asthe Lines 15 , 30 b, 45 6, 60d, and 75e, which will 


divide the Quadrant's Limb BC into ſix rts, for Bs, «b,bc,cd, deand 
eC, are each ofthem 15 deg. of _ ROLES (& d take the Sine 


fa NO! the Laticdde (fappols 40 dog fave of the Scale of Sines, and ſer them from 
ing the Line DE parallel to A B, and nd the Line A E for the 


Ff Ths 


AtoD, and draw 
Axis or Stile of the Dial. 


in; ITH the Radius of your Scale of Sines upon A as a Center, deſcribe the p;,.. 


09 


vi 
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This done, take with your Compaſles the leaſt Diſtance 
I5 ego, 75 to 11 75 e 


3% rothe Axis AE, 60, to 10 60 a 
45? | 45 to 9g >upon the Line<g45 c 
60 , and ſet it from 30 to 8 J30 b 


75 Is fo 7 15 4 

- Make A 6 equal to the Line DE, or ſet the Sine of theLatitude (46 deg.) 
from A to 6, — Now if with an even hand a Line be drawn thro? the ſever] 
Points C, 11,10,9,8,7,6, it ſhall be one quarter of an Elipſis : And right Lines 
drawn thro? thoſe Points from the Center A,ſhall be the true Hour-lines of an 
Horizontal Dial for the Latitude of 40 deg, or ofa South or North Dial in the 
Latitude of 5o deg. or of any — or Inclining Plain in any Latitude 

wherethe Height of the Stile above the Plain is found to be equal to 4o deg, 


TI. For Upright Declining Plams. 


If anUprightPlain in the Latitude of 4o deg.ſhould decline from the South 
Eaſtward 14 deg. by ſeveral ways before taught (in the 1#. 24, 34, TraQate) 
the Height of the Pole or Stile above ſuch a Plain would be found to be 48 des, 
1 min.—— The Diſtance of the Subſtile from the Meridian 1 3 deg, 42 Min... 
_— Irnagy "qe a apt 13 deg 

e Plain's difference of Longitude being known T7 p—— 
make a Table of the E ninoQtal diſtances as is before | Fung F 7 prong 
taught in the 12th and 13th Chapters of the Firſt Es ha! 
Tractate, as 1s here done in this Table. You may pro- deg. min, 
ceed to the deſcription of the Dial in this manner. $2 

Firſt, Draw a right Line O 12 for theMeridian and 57 
Hour-line of 12; and upon O with the Radizs of your 42 
Scale of Chords deſcribe a Quadrant of a Circle and 
upon it from 12 to P, {et 13 deg.42 min. the Diſtance 
of the Subſtile from the Meridian,and draw the Line ]Szbſtile 
O P for the Stile, I 

Secondly, Take 43 deg. 1 min. and ſet them from P I2 
toS, and draw OS tor the Stile. 11 

Thirdly, out of the former Table, take the Reſpe- IO 
ive Sines of 82,57,42,27 and 1 2,and ſet them from 9 
O to the ſeveral Points 82,57,42,27 and 12 upon the 8178 
Subſtile, and through them on the lett hand Side of . my 
OP, draw Lines Perpendicular to the Subſtile: as the Lines 82 4, 576, 42, 
27 dand 12e——Allo, ſet the Sine of 3, 18, 33, 48,63 and 75 upon the Sub- 
ſtile OP, and thro them draw Lines perpendicular ro OP towards the 
Right-hand. | 

Fourthly, Take in your Compaſſes the leaſt diſtance 


| ' Bow 


"0 66a 


00000 0o 


From 


82 12 to of : $& f 
: 27 to 7 27 
" to the Subſrile S O, ; upon the Sine 


3) to V 2 Cc 

27 and ſet it from po 3 o 746 þ 

12 : 82 t010 p 82 2 
So ſhall the ſeveral Points 6, 7, $, 9, 10:and P conſtitute almoſt one quarter of an 
Elipſis, and Lines drawn from O thro? every of them ſhall be the true Hour-lines for 
the Plain on the Weſt Side of the Subſtile : For thoſe on the Eaſt Side they mult be 
found by taking the leaſt Diſtances from the Points 78, 63, 48, 33, 18, and 3 to th? 


Subſtile, and ſetting them upon their contrary parallel Lines ; fo ſhall Liaes draws 
from O thro' each of them be the Afternoon-Lines on the Eait Side of the Plata. 


The End of the Third TR ACTAT E, 


South Reclin —_ 
Latitude '32 A, 


"Latrenda = 70 -. 
Declining — 30; 


Fig: VI. 
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| OF THE 
FURNITURE 
SUNDIALS 
May be Beautihied - 


How to Inſcribe ſuch Furniture upon all Sorts of 
Drai-PLains; Several ways. | 


CT 


O—_ 


The Fourth TRACT ATE. 


PROEMEL. 
| S Lines may be deſcribed upon all forts of Plains, which by the ſha- 


dow of a Stile or Axiswill ſhew upon the Dzal-Plain the true Howr 
of the Day : So alſo upon ſuch Plains may ſuch other Lines be deſcri- 
bed that have relation.to the Suz*s Courſe, which by the Shadow of 
an Apex (or Point in that Ax) ſhall trace out, and diſcover upon the Platz, 
many uſeful and neceſſary Aſtronomical Conclufions As to ſhew the 
Time of the Tear The Riſing and Setting of the Sun —— The Length of 
the Day and Night —— "The Azimuth,or Point of the Mariner's Compeſ 
which the Sun at any time of the Day is —— The Almicanthar,” or Circle © 
the Sun's Altitude; whereby the proportion that any Objef bears to its Shadow 
Is diſcovered The Babyloniſh, Italian and Jewiſh ( or Unequal) hours 
The S#zz of the Rodiack in the Meridian, with thoſe Aſcending and De- 
ſending And the Circles of Poſition, diſcovering in which of the Twelve 
Celeſtial Houſes the Sun at any time of the Day is, &c. 


w—_—_——_———C "* ti —_— Y a wo Ah. =” 


CHRAEFL 


Of the Habitudes, or AﬀeCtions, that ſuch Great and Small Cir- 
cles of the Sphere , which may be Projected upon Dial- Plains, 
| have to all ſuch Plains, as they may be deſcribed upon. 


Efore I proceed to ſhew the manner of inſcribing theſe Cirsles of the 

Sphere upon Dial-Plains, let me give you a ſhort account of their Afﬀe- 
©#:0n5, Whith I Reduce to theſe following Heads. | 
I. Al 


Of the FURNITURE _ 

' I. All Great Circles of the Sphere, (ach are all Meridians or Hour-Circles, 

all-Azimuths 6r Vertical Cireles, al Circles of Poſition, &c.) being Pro. 

jetted upon any Dial-Plains, do become thereon Streight Lines. And, 

If: (1.) / the Plains #3 which fach Great Circles are Projetted, do lie,or ftand, 
Parallel, to thoſe Great Circles in the Heavens, then are thoſe Streight Lines 

all Pavallel one fo #be other. Bur, (2.) If the Plain upon which they are Pro. 
jefted, lie, or ſtand, Perpendicular to the correſponding Circles in the Heavens, 
then the ſtreight Lines ſo projetted on the Dial-Plain, ſhall all meet in a Center 
at Equal Angles ;. And, (3.) If the Dial-Plain apon which theſe Great Cir- 
cles of the Sphere be Projected to lie at Oblique Angles ta the ſame correſpon- 
dent Cixcles in the Heavens, then ſhall all the Proje&ted Lines repreſenting 
thoſe Circles in the Heavens, meet in one Center upon the Plain,” bat, ar 
he” 7 Angles, 

II. Al Smaller Circles of the Sphere, ( ſuch are all Parallels of the Sun's 
Courſe or Declination , Almicanthars or Circles of Altitude) being Pro. 
jetted upon any Dial-Plain, become Conick Sections, viz. either Seftions of 
Ellipſes, Parabola's or Hyperbola's; Except, thoſe ſmaller Circles be pro. 
jected upon ſuch Plains 4s £0 lie parallel to thoſe ima'ler Circles in the Hea- 
vens : And therefore, , 

IV, All Parallels of the Sun's Courſe, or Declination (which are ſmaller Circles) 
drawn wpon aPlain, which lies parallel to the 55 aogeger in the Heavens, 
which EquinoQtial « that Great Circle of the Sphere to which theſe ſmaller 
Circles of the Sun's Courſe or Declination are parallel ; thoſe Parallels upon 
ſuch a Plain, become perfe&t Circles. Ard, 

V. All Almicanthars or Parallels j Altitude, being deſcribed upon a Plainy ting 
parallel to the Horizon, to which Great Circle all Almicanthars are parallel, 
thoſe Cireles of Altitude being deſcribed upon ſuch a Plain, ſhall alſo become 
perfeQ Circles, by the ſame reaſon as the lait brforegoing : For, the Almi- 
canthars have the ſame Afﬀettion or Habitade to the Horizon, as the Parallels 
of Declination have to the Equinoctial, | 

VI. All Dial-Plains i» any Latitude, and howſoever ſituate jn that Lat.tude, 
whether they be Dire&, Declining, Reclining, Inclining, or do both Decline 
end Recline; are in ſome one part of the World or other, Horizontal Plains, 
And took what Altitude or 7 nos & the Stile of any ſuch Oblique Dial hath 
iz any Latitude, i that Latitude will that Plain be ax Horizontal Plain, but 
wader another Meridian. 

VII. Whez the Hour-Lines proper to any Dial-Plain be drawn thereupon with 
their Halves «nd Quarters, If «pon the ſame Plain (afterwards) you draw as 
Horizontal Dial (#1: occalt or obſcure Lines) proper to that Latitude in which 

the Plain will be Horizontal, and find upon thoſe Occult Horizontal Hour- 
Lines, points through with ſuch Hours, Azimuths, Parallels of the Sun's 
Courſe or Declination, Almicanthars, &c. ſhall paſs, and draw the SeEtion 
(whatever it happens to be) through thoſe points, and afterwards expunge tht 
Horizontal Hour-Lines, the Parallels, ſo drawn, ſhall be the true Parallels f 
the Sun's Courſe upon the other Plain, whether #t be DireCt, Declining,9Re- 
clining, or both. | 

VII. The whole Stile or Axis of the Dial which fvews the common Hour 
of the Day, doth mot ſhew the Parallels of the vun's Courſe, &c. but the 
Shadow of ſome one Point in that Stile or Axis ; the Shadow wheredt, 
as it creepeth along thoſe Lines or SeQions, will ſhew you what the Time, 
or Quantity «, 
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Having premiſed theſe few Afedions: I ſhall ſhew you firſt Geometrical, 
and then Arithmeticall and Inſtrumentally, or by Tables ready calculated, how 
to find Points upon any Plain; through which ſuch Lines, Circtes, or Conick 
Seftioris are to paſs; and the Points being found,I ſhall diſcover unto you whe- 
ther they be Streiyht Lines, Arches of Circles, or other Settions Elliptical, Pa- 
rabolical or Hyperbolical. | 4 | 2 

Now (becauſe the Sun in his Courſe moveth Continually between the two - 
Tropicks, and never exceedeth thoſe Limits) all Aſtronomical Concluſions 
that are drawn or deſcribed upon any Dial-Plaiz, are limited between theſe 
ewo Tropical Circles, or (at leaſt,) between the Eqainotial and one of them, 
or the Hiotiona: And therefore it will be requiſite to ſhew, firlt how theſe 
Circles (namely the Equinottial, and the two Tropicks) and the Horizon may 
be deſcribed upon all forts of Plains, they being the Bounds and Confines of 
all other Czrcles whether of the Sun's entrance into the 12 Szzzs ; or Diarnal 
Arches: or of any other intermediate Parallels of the Sun's Declmation: And * 
to ſhew how they may be inſcribed upon all Plains, ſhall be the work of this 
following Chapter. 


* . - . ® . [4 - 
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* 


How to deſcribe the Equinotial, the two Tropicks, and other Cir- 
cles or Parallels of Declination, together with the Horizon, up- 
on all ſorts of Plains; 


Heſe Circles (as I have faid already) become various SeQtions accord- 
ing asthe Pains upon which they are projeRed are ſituate in ref] 
to thoſe Circles fch Heavens: And therefore I will begin to ſhew 


their Inſcription upon ſuch Plains, 


Firſt, As lie Perpendicular | | Tx Wo 
Secondly, As lie Pralel Go the Axis of the World. 
Thirdly, As lie Obliquel 


oRSECT. I. L” br ſuch Plains as are Perpendicular to the Axis 
ich of the World : As, upon the Dire& Polar Plain. 


NW A Polar Plain is ſuch a Plain as cunt the Axis of the World at right 
oy Angles, as is deſcribed in the 16 Chapter of the Firſt TraFate, And is 
"0 20 other than a Circle divided into 24 equal parts : And this Plain cutting the 
SY Axis of the World at right Angles is perpendicular thereunto, and therefore 
Re Bf muſt needs lie in (or parallel to) the very Plain of the Epuinotial Circle in the 
Heavens: And therefore the Equinodialit ſelf, and all other Parallels of De- 
Our Yf clination being deſcribed upon this Plain, will be perfe& Circles: The Stile of 
iis Dial (as in the making of it is ſhewed) may bea ſtreight Pin or Wyre 
red; perpendicularly ereed upon the Plain, and iſſuing from the Center, where 
MY all the Howr-lizes meet with equal Angles: The length of this Srile or Wyre 
Sarbitrary, in reſpect of the Howr-lines : but the Apex or Top thereof; which 
NE muſt give ſhadow to tlie Parallels of Declination(or other Aſtronomical Circles 
vs Gg deſcribed 
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deſcribed upon this Plain) will require aProportionable limitation between the 
length of the S2zle, and the largencls of the-P/ain: and therefore I will ſhew, 


'E. How to proportion the Stile to the Plain. 


Upon this Plain, the Equinodtial Cirele'it elf cannot be deſcribed, which is 
evident, for the Sun being in this Circle, it will caſt the Shadow of the + 
pex of the Stile (be it made never {of ſhort) toran infinite extenfion, and for 
fome few days before and after the two Equinoxes, the Farniture inſcrs 
bed upon theſe D#als will be of little uſe ; ' And the Reclining or upper face 
of this Dial the Sun will ſhine-upon fromthe Tenth of March to the Twelfth 
of September, and from thence to the Tenth of March again, the Inclizing on 
under face thereof will be-wholly in uſe. | | 
- ' Confider therefore what Parallels of Declization vou intend to. deſcribe 
zpon your Plam ; And let the outermoſt Verge or Circle of your Plain repre 
* fent that Paraflel which hath leaft Declination from the Equinottial Cirche. 
In this Example, T have made choice (fora Reaſon which will hereafter aps 
pear) of theſe Parallels, viz. of 11 deg. 37 min. of 16 deg, 55 min. of 21 deg; 
40 min. and of 23 deg, 31 min. which is the Declinatioz that the Sun hath 
when he is in either 7 ropick, 

Let ES W N repreſent a Polar Plzzz, crols 1t with the two Diameters 
S N for the Meridian, and Hour-line of XII, and E W tor the Hour-line of 
VI, croſſing: each other at right Angles ii A. So 15 A the Cexter of the 
Dial, and the outer Circle thereof the Paraliel of the Sun's Courſe when he 
hath: 11 deg, 37 min. of Declination. , R 

Now to Proportion the Stile to the Plain, upon a piece of hne Paſt-board 
or other like matter,draw a Line at length as B C, and out of your Dial-Plain 
take the diſtance from A to N, and ſer it upon this Line trom Cto D, and 
through D, draw the Line F D perpendicular to B C Then uponC, 
with 60 deg. of a Scale of Chords delcribe an obſcure Arch ot a CircleG H, 
and out of your Scale take 1 1 deg, 37 min. (the Declination of the remoteſ 
Circle ES W N from the Center) and ſet them from H to 4, and draw the 
Line C 4 K, fo ſhall KD be the length of the Perpenaicular Stite : The 
Stile being thus proportioned to the Plain, the next thing neceſſary will be, 


Il. To draw the Horizontal Line proper to this Plain. 


Many Hortzvntal Lines may be drawn upon any Plain, but the Horizonts 
Line Proper to this Plain, mult be drawn upon the Plain, fo, as to he inthe 
fame Plain with the Apex or Top of the Perpendicular Stile, and to find the 
Point upon the Meridzan» SN , through which this Line muſt paſs, do 
thus: 

Upon the Point K, deſcribe an obſcure Arch of a Circle, and upon it ſet 51 
deg. 52 min. the Latitude of the Place from D to L, and draw the Line KL, 
cutting the Line BC in M; Sothe diſtance D M taken inthe Compaſles, and 
ſet uponthe Dial-Plain upon the Meridian from the Center A upwards to 
in the Reclining Plain,(but downwards in the Inclining Plain) loa Line drawh 
through S, parallel ro E W,as P SQ, it ſhall berhe Hor:2ontal Line proper i0t 
this Plain : and beyond this Line the Trepicks nor Par:iels of Declination, & 
any other Furniture need to be extended. And now, 
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HL. To drow the Tropick of Cancer, and the other Parallels of 
Declination «pon the Plain. 


The other Parallels of,Declination being 16 deg. 55 min. —— 21 deg, 


40 min. 23 deg. 31. min. Set them upon the Arch GH of the Tyigox 
from H tob, c and d; and draw the Lines C6, Cc, C4. | 


This done, through the Point K, draw the Line KR Parallel to D C, and 


where that Line crofſeth the Lines of the Trigon drawn from C (as it doth 
at the Points K, e, f andg) through thoſe Points Lines being drawn Parallel 
to K D, as e 15, f 16,9 =, ſhall give C D for the Semidiameter of the Circle 
PN Q upon the Plain The diſtance C : 5, ſhall be the Semidiameter 
of the Circle 15. 15. 15 The diſtance- C 16, ſhall be the Semidia- 
meter of the Circle 16. 16. 16 And the diſtance C &; ſhall be the 
Semid;ameter of the Tropick of S. S. S. With which. Senidiameters if 
Circles be deſcribed upon the Center A, of the Dial-Plain, they ſhall be the 
true Circles for the Sun's Courſe when he hath ſuch. Declinations as are in- 
ſerted into the Trizon, And in the ſame'manner may you inſert what 
Parallel of Declization you pleaſe ; Whether of the S«z's Entrance into any 
S72n of the Zoaiack Any Anniverſary or Feſt;val Day, or what other 
Remarkable Time or Day you pleaſe, only having regard to what Declination 


the Sun hath at that time. 

Note, Thata Dial thus made, being elevated to the Complement ofany 

Latitude, and moved above upon a Semiczrele as a Declinatory, till the 

Shadow of the Apex of the Szile do cut the Parallel of Declination for 

the Day, you ſhall, at one view, have the Hour of the Day, a Merj- 

dian Line, and the Declination of a Plain; without taking the Sun's 
Altitade , or finding his Azimuth, 


SECT. Il. Upon ſuch Plains as are Parallel to the Axis of the 
World ; As upon the Eaſt, Welt and Polar Plains. 


Ow to make an Eat or Wet Dial you are taught before, therefore let 

the Square A B C D be a Plain, on which there is an Eaſt Dial drawn, 

the height of rhe Stile being equal to the diſtance between the hours of g and 

6, noted there with the Letters E G, and let it be required to draw upon the 

ſame Plain the Equinodia/and the two Tropicks. Now the Equinotial being 

a Great Circle of the Sphere, it is therefore a Streight Line, and is repreſented 

in the Dial by the Line H S. The Howr-lines and the Equinodial being thus 
drawn, we may proceed to the reſt of the Work 1n manner following. 

But firſt, it will be neceſſary to draw the Horizontal Line proper for the 

Plaim : which is done in this manner ; for 1n all Vpright Plains, whether Ds- 

re(t or Declining, this is for drawing the Horizontal Line, 


A General Rule. 


In all Uprizht Plains, the Horizontal Line muſt be drawn through the 

Foot of the Perpendicular Stile , and alfo through the interſection of 
the- Equinottial Circle with the Hour-lize of Six : In theſe Ea# or 
Wezt Dials theſe two Points are co-incident, and is here the Point E, 


wherefore through the Point E, draw the Line MEN parallel to the 
Horizon, 


15 


Fipare 


IL 
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| Horizon, or making the Angle, MEG equal to the Latitude of the 


Place 51 deg. 32 min. the Line ME N fo drawn ſhall be the proper 
Horizontal Line for this Plath. | 


The Equinottial Circle E Sand the Horizontal Line ME N, being drawn 
upon your Plain ; proceed as followeth. 
9s Upon a piece of fine Paſt-board, or other convenient matter, draw a Line 
I. asOR, and upon ©, as a Center, deſcribe the Arch of a Circle RS, and be. 
cauſe the Declination of the Tfhpick of Cancer or Capricorn 1s 23 deg. 3 1 min, 
diftant from the EquinoCtial,on either Side thereof, therefore on the Arch R$ 
ſet 23 deg. 31min. from R toS, and draw the Line OS, then ſhall the Line 
OR repreſent the Equinodial, and the other Line OS either of the Tropicks, 
and this Triangular Figure OR S, we ſhall hereafter call the Tripor. 

Having fitted your 7rigo, you muſt have recourſe to your Dzal, and from 
thence with your Compaſles you muſt firſt take out the diſtance E G (equal 
to the height of the Stile of the ſame Dial) and prick it dowa in the Trigon 
from O to P, and draw the Line P 6 perpendicular to O R. 

Secondly, Going to your Plain again, take the diſtance from G (the Top of 
the Stile) to 7 the Equinoftial of your Plain; and place that diſtance in the 
Trigon from O toq, and draw the Line q 7, perpendicular to OR. Thirdly, 

' take out of your Plain the diſtance G 8, and prick it down in your 1 r/g0z from 
O tor, and draw the Line r 8, perpendicular to OR. Fourthly, take out of 
your Plain the diſtance G 9,and prick it down in your T7470» from O tos, and 
draw s g perpendicular to OR. Fitthly, take our of your Plain the diſtance 
G 10; andprick it down in your Trigon from O to t, and draw # 10 perpen- 
dicular toQ R. Laſtly, take the diſtance G 11, and prick it down 1n your 
Trigen from O to v, and draw wv 11 perpendicular to O R, as is done in 
Figure III. x 

Theſe diſtances being, all of them, taken out of your P/aiz, and placed on 
your Trigon, it rgſteth now to ſhew you how they mult be again transferred 

rom the Trigox tFthe Plain, Theretore, to find upon the Hour-lines of your 
Dial, the Points through which the Tropzck of Cancer mult paſs, you have no 
more to do but thus. Firſt, out of your Trigos, take the diſtance P 6, and ſet 
that ſame diſtance upon your Plain from E to c, upon the Hour-line of Six. 
Secondly, take out of your Tr:gom the diſtance q 7, and place that diſtance up- 
on the Plain from V to 6, and trom VII to d: upon the Hour-lines of 5 and 7. 
Thirdly,take out of your Trigor the diſtance r 8, and et that diſtance on your 
Plain from IV to 4,and from VIItoe uponthe Hour-lines of 4 and 8. Fourthly, 
take out of your Triz0n the diſtance s 9, and ſet it on your Plain from IX tof. 
Fifthly, take from your Tr:20x the diſtance # 10, and fet it on your Plain from 
X tog. Laſtly, take out of your Trigon the diſtance v 11, and fet us on 
your Plain from XI to h. 

Theſe Poifits a b c def g h, being.found upon the ſeveral and reſpeQtive 
Hour-lines, ſhall be the Points through which the Tropick of Cancer,ſhall pals, 
therefore draw the Line 2 bc d ef g h, with an even hand that it make no An- 
gles and that ſhall be the Tropick ot Cancer ; fo that when the Sun 1s in Carer, 
(which isabour the 11 of June) the Apex or Top of the Shadow of the Stik 
of your Dial will run directly along that Line « bc de f'g h, and when the 
Sun is in the Equinod1al, that is, in the beginning of Aries or Libra, (which 
is on the 10 of March, or the 12 of September) the Top of the Shadow of the 
Stile will run along the Equinodtial Line E'S. 


The 
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The Tropick of Cancer being drawn,I will now ſhew you how to draw the 
Tropick of Capricorn, which differeth nothing from that of Caxcer, becauſe 
they have both of them like Declination from the Equinott:al, therefore the 
diſtance VIIT k being made equal to the diſtance VIII e, and thediſtance IX / 
equal toIX f; and the diſtance X m equal to X g, you ſhall have the Points 
+ 1m and » upon the hours of 8,9, 10and 11, through which Points k lm» 
draw the Line & /m n, &c. which Line ſhall repreſent the Tropick of Capricorn, 
along which Line the Top of the Shadow of the Stile ſhall run about the 1 3th 
of December, when the Sun is in Capricorn, 

Having thus plainly ſhewn you how to inſert the —— and Tropicks 
into your Plain, I will now give you one wr af which you may put on any 
other intermediate Parallels of the Seur's Courſe, differing nothing at all from 
the direQtions formerly given you to inſert the Tropicks. 

Conſider therefore what Parallels you would put on your Plain, and find 
what Declination the Sun hath when he is 1n ſuch a Parallel, and accordingly 
inſert thoſe degrees of Declination into your Trigos, as before you did the 
Tropicks. : 

Trad, Ler it be required to put upon your Plain, the Parallels of the 
Sun's Courſe at his Entrance into the 12 Signs of the Zodzack : You muſt, firſt, 
find what Declination the Sun hath when he enters any of thoſe Signs, which 
this little Table doth plainly ſhew : For at the Sun's Entrance into Arzes or 
Librs, it hath no degreesof Declination. And when he enters into Cazcer or 
Capricorn he hath 23 deg. 31 min. of Declination; And when he enters into 
Taurus, Virgo, Scorpio, or Piſces, his Declination is 11 deg. 3o min. and when 
he is in the beginning of Gemini, Les, Sagittarius or Aquarius, his Declination 
is 20 deg. 12 min. 
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A Table ſhewing what Declination the Sun hath at his 
Entrance into the I welve Signs. 
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Libra 
Scorpio Piſces 
Sagittarius Aquarius 


Capricorn 


— 


D M 
Aries OO ©O 
Taurts Virgo! 112 3o 
Gemini Leo| 20 12 
Cancer T9, 


9g yuoN 
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Therefore take 11 deg. 3o min. in your Compaſſes, and place it in your 
Trigon from R unto V, and draw the Line O V, which ſhall repreſent the 
Parallel of Taurus, Virgo, Scorpio and Piſces. Alſo take 20 deg, 12 min. in 
vour Compaſſes and place it in your Trigon from R unto X, and draw 
Fs , Which ſhall repreſent the parallel of Gemini, Leo , Sagittarius and 

QUATIHE, 

Theſe Parallels being placed in your Trgor according to their true De- 
ination from the Equinodtial, they are to be transferred into your Dual-Plain 
In all reſpe&ts as the Tropicks were, by taking out of your Tr:goz the diſtances 
irom the Line O R, to the ſeveral Points where the hours croſs the Paralle], 
and place the ſame diſtances upon your Plain from rhe Equinoctzat upon the 
reſpe&tive Hour-lines, from which they were taken out of the Trigon, and 
trough theſe Points draw with 8n even aol the Lines on your Plain, of 

| a 
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ſhall be the true Parallels of the Sun's Courſe at his Entrance into all the x2 
Signs of rhe Zodiack, to which you may ſet the Characters of the Signs, as 
you' ſee: done int Figure IT. | | 


T And here note, 'That 1f you-draw upon your Plan the halves and quar. 
.- tersof hours, and put them jnto your 7 7:20» and transter them to your 
Plain again, you ſhall then have more points, through which your Ps 
rallels muſt paſs, which will much help you in the drawing thereof, 
(On_—_ ws, 3a; for there is no better way to draw thele king 
of lines, but by finding a great number of points, and ſo draw them 
with an even hand, ſo that they make no Angles. | 
q Note alfo, That whatſoever 1s here ſpoken of the Ea# an1 We#t Dials, 
the ſame in all reſyeQts is to be obſerved 1n putting on the Parallels of 
the Sun's -Courſe in all Plains thar lie paralle] to the As of the World, 
as all Equinottial Plains whether Dzre& or Declining, co : An Example 
of ſuch a Plain you have in Figure IV. 


In alltheſe Plains, I mean Ea, Weit, and Equinottial, the Stile were b{t 
to be made of a {treight piece of Wyer, equal in length to the Line E G, fixed 
in the Point E, ſtanding perpendicular unto the Plain, the end thereof at G 
being filed yery fine and ſharp,proportionable to the greatneſs of the Plain,for 
all theſe Aſtronomical Concluſions are ſhewed (not by the ſhadow of the whole 
length of the Stile, but) by the very Apex or Top thereof, and therefore the 
more care ought to be had in the torming and making of it. 


<q TheLine ME N inthe Ea# Dzal is called the Horizontal Line, becauſe 
it lieth parallel to the Horizon, and by the meeting of the Parallels of 
the Swr's Courſe with this Line, the Riſing of the Sun may be ncarly 
eſtimated ; for there you {ce that the Trozick of Caper cutterh, this Line 
near the Point M, which is a httle before the tour-a-clock Hour-l:ne, 
which ſheweth, that when the Sun 1s in the Tropick of Cazc:rhe riteth 
ſomewhat before four in the Morniag, i Ike manner the Tropick of 
#pricorn cutteth the Horizontal Line fomething aiter 8, -at which time 
the Sun riſeth being in Caprzcorn, but this by the way ; the farther uk 

of this Line ſhall be ſhewed hereafter. 


T have been the larger. in the work of this Sc#oz, becauſe I intend to 
be more brief in thofe which follow, and this being well and-truly under- 
ſtood, thofe which follow will need very few Precepts or Examples ; Hz- 
ving thus finiſhed the Ea# or We#f Plains, I will now thew you how to 
do the like in the Vertical or Horizontal Plains; As alfo in Sonth or North 
Plains, that do not decline ; which are the rext in order : Bur firſt I ſhal 
g1ve youthe Sight of an Equinoctial Plain with its Furniture 1n Figure TV, 


SECT. UI. Upon ſuch Plains as cut the Axis of the World 
Oblique Angles ; As upon the Vertical or Horizontal, th 
North and South Ere& Dire& , and the North and Soutl 
Reclining. 


N all theſe Plains the Szbſti/ar and the Arriazen are 31! one, and the 
height of the Stile, in the YVertica! or Horizo:t4! Dial is always equal 

to the Latitude of the place, and ycu are ro rake noiice, thar whatlo 
ever 
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ever is ſaid of the full  North.and South Upright Plains, the fame is to he. 
1nderſtood of the Vertical or. Horizontal Plain, the full North and South. 
Reclining or ' Inclining Plains, all which in thoſe Latitudes, whoſe Comple- 
meut 15-£qual to the height of the Stile, they are Erect Dirett North or South 
Plains, and'in thole Latitudes which are equal to the height of the Stile above 
ſuch Rechining Plains, they are Horizontal Plains. One Example therefore. 
in one Plain will be ſufficient for the reſt. . Therefore, in Latitudeof 51 de 


32 min. Let it be required todeſcribe the Equinoctual, and the two, Tropicks 
1na full South ere&t Plain. 


Line C Q tor the Ste, you muſt aſſume ſome point in the Mcridian or Sub- 
ſtilar Line rhrough which to draw the Equizottial Circle, whichis a ſtreight 
Lice, and through what point ſoever you draw 1t, it. muſt be Paralli/to the 
Hour-line of Szx, and conſequently perpendicular to Twelve : but let it be 
ſuch a point as the EquinoGtial Line (with theſe conditions). may croſs moſt 
of the Hour-lizes, —— Let the pcant aſſumed be a, upon which point de- 
{rive an Arch of a Circle, and make an Avgle cqual tothe Latitude of the 
it WI place, viz. 51 deg, 32 min. as the Angle La S, drawing the Line aS, till it 
& MW cur the Line of the Stile C Q 10S, 1o ſhall the pointS be the point in the 
GW tile; for the Nodws or Kyor which mult give the Shadow tothe 7ropicks and 
or WM other Parallels of Declination. For all theie Aſtronomical Concluſions are not 
vie Wl ihewed by the Shadow of the whole length of che Stile or Ax#, asthe hour 
he WI is, but by ſome point therein which repreſenteth the Center of the Earth 
which in the Dial following 1s the point S, and the Triangular Site in that 
Dial is repreſented by the Triangle C SL, whereof G L is called the Subſtilar, 
ule WI C'S the Axis of the Stile, and SL the Perpenaicular Stile, the Tep of which, 
of ©1z,S, is the point we are in this place to reſpect, and thus is your Stile pro- 
riY WF portioned to your Plain. 
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Having drawn your Dial with the hours, halves and quarters, as alſo the. Figure 


Vs 


106 The Dzal being drawn, and the Triangle CSL made cqual to the Cock of Figure 
ne, the Dial, you mult upon A PICCE of paſtboard draw the 1riangle OPRe ual VI. 


etl to the Stile in your Dial C SL, making R O cqual tro C L the Subſtilar, P O 

« OO cqualto C'S the Axw of the Stile, and PR <qualto SL the Icngth of the per- 

me pendicular Srile. |, 

uſe Then from the point P, raile a = genes as PB, repreſenting the 
Equinodtial, and on P as a Center, deſcribe the Arch ABC, now hecaule the 


ter. £4144, therefore take 23 Ucg, 31 min. from your Scale of Chords, and ſet it off 
F upon the Arch A BC trom Bro A, and from Bto C, and draw the Lines P A 


Ha and P C repreſenting the two Tropicks of Cancer and Capricorn. This done, 
& extend the Line of the S4bſt:lar R O (which in North or South erect dire 


_ Plains, and alfo in the Vertical or Horizontal PlainT toldyou,-was alwaysthe 
me wirh the T welve-a-clock Line) fxom O to 12, cuttang the Egquingdtial 

Line PB in the point a, then with your Compaſſes take the diſtance O 4 out 
of the T7ig07, and place it in your Plain from the Center C unto a, and draw 
1 0 the Line + « = perpendicular to the Subſtile or Line of 12; which Equi- 
ncQtial being drawn : Firſt, take out of your Plain the diſtance C b,and = wu 

that diſtance in your Tri20z fromO untob, anddraw the Line Ob 1 ; - 
icnting the hyur of 1 or 11 in your Dial : Secondly, rake out of your Plain 
the diſtance Ce, and place that in your T7i20x from O unto c, and draw the 
Line Oc 2, repreſcnting the Hour-lines of 2 or 10. Thirdly, take out of your 
Plain the diſtance C a, and place it in your Tri202 from O unto 4d, and Craw 
tie Line Od 3, for the hours of y and 3. Fourrthly, from your Plain whethe 
diſtance 


Tropicks of Caxcer and Capricorz do decline 23 deg, 31 min, from the Equz- 
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diſtanceC e, which ſer in your Trigon from O untoe, anddraw the Line Oe, 
repreſenting thehours of 4 and 8. And thus muſt you do with the reſt of 
the hours in your Plain it occaſion. require, 

Theſe LinesO a, O 6, O c, Od, and Oe, in your T7490», being extended,dg 
cut the Tropick of Cancer P A 1n the points 12, 1,2,and 3, and theLineP C 
repreſenting the Tropick of Capricorn 1n the point, 12, 11, 10,9ands8; there. 
fore out of your 7 rigor take the diſtances O 12, O1,O2, Oz, O41, and ſet 
them upon their correſpondent Hoar-lines of your Plain, from the Center C 
unto g þ 5 k and 1, fo ſhall the points g þ z & and 7 be the points upon the Hour. 
lines, through which the Tropick of Cancer mult paſs, and is therefore noted 
with the CharaQter of Cancer S at both ends. E. 

T Now before you draw the Tropick of Capricorn, it is neceſſary to draw 
the Horizontal Line of your Plain A B, which Line in all Upright Plains, not 
declining, muſt be drawn through the point L, the foot of the Perpendicular 
Stile, and perpendicular to the Meridian or Line of 12 : And in all Plains 
whatſoever, this Line muſt be drawn through the InterſeCtion of the Equi- 
wottial with the hour of Six. This Line ought firſt tobe drawn, becauſe tr is 
very improper to extend the Tropicks or other Parallels of Declination, above 
the Horizontal Line, becauſe at what hour any Parallel of Dec/ination cutterh 
this Line, on either ſide of the Meridian, at tliat time doth the Sun Riſe or 
Set, as was inſtanced 1n the laſt. 

Now the Tropick of Capricorn» muſt be put upon your Plain in the fame 
manner as that of Cancer, by taking out of your Trigon the diſtance from O, 
to the points 11, 1c, 9and 8, where the ſeveral Hour-lines « bc de do cut the 
Tropick of Capricorn P C, and place them on your Plain from the Center C 
upon the reſpeQive Hour-lines, and through thoſe points ſo found, draw the 
curved Line vw w, repreſenting the Tropick of Capricorn. 

T And in the ſame manner mgy the Parallels of the other Signs be drawn 
upon your Plain, by placing them into your Trigon, according to their Dech;. 
nations, and afterwards transfer them into your Plain,as you ſee in Figure V, 

The Rules that have been here given for the —— of the Parallels of 
theSigns in this Ere& Dire Plain, 1s Univerſal in all Plains, obſerving this 
one Exception; that whereas in all Ere&? Dire Plains the Equinottral is 
drawn perpendicular to the Meridian or Line of 12, fo in all other Plains 
whatſoever, the Equinof1al muſt be drawn Perpenaicular to the Subſtile, and 
the Horizontal Line through the Interſection of the Hour-line of Six with 
the EquinoQtial, and then the Work will be the ſame in all reſpeQts, as may 
appear more largely in this next Sed0r. 


SECT. IV. In North or South Ere& Declining ; In Eaſt o 
Weſt Dire& Reclining : Or on North and South Declining 
and Reclining Plains. 


H E Caution preceding is ſufficient for the performing of the Work of 

this SefFion, and therefore needeth no Example : For every one of 

thele laſt mentioned Plains is an Horizontal Plain to that place in the World 
which agrees in Longitude with the Plain's difference of Longitude, and in Ls 
zitude equal tothe height of the Pole or Stile above the Plain : I might here 
give you Rales 2nd particular erage 1n every one of theſe Plains, but I ſhall 


give you but one for all, and that ſhall be both eafte and general, and come 
neareſt to the Work before taught in the laſt Seo»; And this way I pup 
or 
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for theſe Reaſons, — (1.) Becaule you ſhall have Two Dzals contrived in 
One,—— (2.) Becauſe the Work will be {till the ſame'n all Plains, without 
any V ariatio:. And (3.) Becauſc one halt of the labour is ſaved, there 
being but 5 or 6 Hour-lines to. work upon at the moſt , whereas in moſt of 
theſe ſorts of Dials here mention'd 9, 10; or x2 Hour-lines muſt ſometimes be 
made uſe of. = | 
One Example I fay ſhall ſerve for all, and let it be ofa South Plain Declining 
Eaſtward 3o deg, and Reclining from the Zenith 55 deg. which is one of the 
Daals of the 17th Chapter of the Firit Tratate ; W hole difference of Longitude 
was there found to be 17 deg.z8 min. And theSzz/e's herght 19 deg.25 min.,— 
This Dial being made,it you would deſcribe the Equinottial, the Tropicks (and 
+ other Parallels of the Sun's Courſe) you muſt conſider that this Dial is an 
Horizontal Dial in that part of the World which lies Eaſiward from London 
17 deg. and 38 min; Andinthe Latitude of 19 deg. 25 min. Wherefore, the 
true Hour-lines proper for this Plain, together with the Stile and Subſtile be- 
ing drawn in their proper places; It you make the Subſtilar Line o! this Dial 
to be the. T welve-a-clock Hour-line of an Horizontal Dial for the Latitude of 
19deg. 25 min. draw ſuch a Dial obſcurely upon thus Dial-Plain (as the ſmall 
pricked Lines in Figure VII are :) then procecd to the drawing of the Equi- 
notttial and Tropicks in this manner. 
Yr Let A be the Center of the Dial, and let the Diſtance of the Meridian and Figure 
Horizon, the Subſtile, Stile and Meridia; beſet off upon the Semicircle EGF VII. 
e WW according to the:r true diſtances : as allo the Hour-lines proper for thz Plain 
), MW by heip of the Table in the forementioned 17th Chapter of Trafate I. 
ne W Secondly, letan Horizontal Dial be made or cal- 


_ I&. ad. i + 


= <> 


hours deg. min. 


Ci culated for the Latitude of 19 deg. 25 min. the - | 
he WW Stiles height of the ob Declining Plain, | _ mY f \ > - 
which will be ſuch as this Table aftordeth. W hich CRE | ; ) , 
va I diſtances being ſet upon the Semicircle EG F, ©, , 1$ , 
li- WF from G the Subſtile both ways, they ſhall be the g Ay p 
'. Wl the Horizontal Hour-lines, and they will give the 2 ? ” 
of W true hour of the Day in that Latitude wherein =, 6 ) [3 ad 
his I the Plziz would be Horizontal. 7 


Hs This done, Aſſume any point in the Subſtile as D, through which to draw 
10s Wl the Equinottial Line at right Angles thereto; And upon the point D, make 
und WE an Angle B D C equal to the Complement of the new Latitade 29 deg.25 min. 
viz, 70 deg. 35 min. drawins the Line DC, till it cut the Ax# of the Stile 
AC, in C, 1o ſhall C be the Nodws, Apex or Poznt in the Stzle which muſt 

give the Shadow to the Tropicks and other Furniture upon the Dial. 
Again, Obierve where the Hour-l1ze of Six doth croſs the Equino- 

#ial Circle. tor throvth that point (always) muſt you draw the Horj- | 
zontal Li; of the #/aia HO, and parallel to the Horizontal Baſe of the Fjouye | 

Plain E 4 | —_ 

Now make a 77:ig0z, wherein let C A be equal to the" Szile, A B to 

the Sub/tile, ard CB to the Axis of the Srile of your Dzal, and draw 

the Line C 4 « perpendicular” to the Stile C A, Upon C, with 

bo deg. of your Chords, deſcribe an Arch of a Circle and thereon fer _ | 

23 deg. 31 min. the Declination of the Tropicks from L, both ways, to : 

K and M, and draw CK and CM: This done, Out of your 
Dal-Plain, from the Center A, take the diſtances of every of the Ho- 
rizontal Hour-lines, where they croſs a Equinottial, ( beginning wo 

| 1 rg 


Of the FURNITURE 


the Subſtile) and ſet thoſe diſtances _ the Equinofial in the Triroy 

from the Center A, to the Points a, 6, c, 4d, e, and f, Which done 
draw Lines from A through thoſe Points, as the Line 4 A, b A, c A, 
4A,eA, and f A, whichdiſtances being taken in the Compaſſes from A in 
the Trigon, and ſet upon the Horizontal Hour-lines on the Dial-Plain from 
the Center, ſhall there give the Points 7, 8, 9, 10, 11, 12, 1, 2, 3, 4, 
through which a Line drawn with an even hand from one to another 
without making any Angles, it ſhall be the Tropick next the Center, namely _ 
that of Carcer, The Points for the other Tropick of Capricor» may 
be found by taking the Diſtances from A, out of the Trg0y, to the Inter. 
ſections of the Horizontal Hour-lines with the Line C K, which trans 
ferred to the Plain, will give the Points 9, 10. 11, 12, 1, 2, by which the 
Tropick of Capricorn may be drawn : And thus have you upon this Declining 
Reclining Plain, deſcribed the Equinodtial and the two Tropicks, and by the 
fame reaſon alſo you may inſert any other intermediate Parallels of the 
Sun's Declination, 

I have been very large in the Work ofthis Chapter, but before I conclude 
it, I will give you notice. Thar, 

Whereas you are dire&ed to take out of your Trigon from its Center 
to the Tropick or other Parallel that you are to ſet upon your Plain, and 
apply that diſtance to the correſpondent Howr-lize from the Center of the 
Dzal : You are to Note That if you take the diſtarice upon the Tr. 
gon from the InterſeQion of any Howr-lize with the Equinoitial, to the 
Tropick or Parallel you would put upon your Plain; and apply that di- 
ſtance from the Interſection of the ſame Hoar-lize with the Equinoctial 
on the Plain , you ſhall have the ſame point upon the Howr-lize as be- 
fore : And this way is the better of the two. (1.) Becauſe in often 
—_—_ the Compaſſes both td the Center of the Tr:i90» and of the 
D:al-Plain, the Centers will be apt to rend with ofren applying the Com- 
paſſes to them. 2. Becauſe this way you have ſeveral points to which 
you may apply the Compaſles. And (3.) many times the Center may 

very remote from the point whoſe diſtance you are to take, whereas 
the EquinoCtial may be near at hand. And for theſe Reaſons I give you 
this Advertiſement. 


_— 


CH AT. Us 


Shewing how to inſcribe the Duurnal Arches, or Parallels of the 
length of the Day on any Plain. 


HE Parallels of the Length of the Day, and thoſe of the Sun's en- 
trance into the 12 S225, are inſcribed upon all kind of Plains by 

one and the ſame Rules, they being in the Sphere the fame Czrcles, fo that 
as when you put on the Parallels of the Sun's entrance into the 1 2 Signs 
you ſeek what Declination the Sun hath, and — proceed as be- 
fore is direfted : So now for the Parallels of the Length of the Day you 
muſt ſeek what Declination the Sun hath at ſuch a length of the day, 
k as 
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as you would put into your Dial-Plain, which that you may do, I have here 
added the Rule following, 


C Conſider how much longer or ſhorter your day ' © 20 is than 12 
hours, 2nd take the difference, then the proportion will be, 


As the Sine of go deg. 
Is to the Sine of half the difference. | La 
So is the Tangent Complement of the Latitude of the place, 
To the Tangent of the Declination that the Sun ſhall have when the day 
is at ſuch a length as you require. 


As for Example, Let it be required to know what Declination the Sun 
ſhall have when the day is 16 hours long in the Latitude of 5x deg, 32 min. 
The difference betwixt 16 hours and 12 hours is 4 hours, (or 60 deg.) the 
half of which is 3o deg. Therefore ſay, 


As the Sine of go deg. : ' 0.000000 
Is to the Sine of 3o deg, which is half the difference, 9.698970 
So the Tangent Complement of the Latitude 38 deg. 28 min. 9.900086 


To the Tangent of the Declination of the Sun, 21 deg. 4o min. 9.599056 


And ſuch Declination ſhall the Sun have whea the day is either 16 hours, 
or 8 hours long in the Latitude of 51x deg. 32 min. 

Now if the Day be above 12 hours long, the Sun hath North Decli- 
nation, but if leſs than 12 hours long, he hath South Declination. TI have 
here added a Table ſhewing what Declination the Sun hath at ſuch time 
that the day 1s either 8, 9, 10, 11, 12, 13, 14, I5, Or 16 hours long, in 


the Latitude of 51 deg, 32 min. which Table was made by the R—_ 
Proportion, and the like may be done for any other days and in any 
other Latitude. y A es 

By which Table you may ſee that when the day 1s 12 Dol 
Bac long, the bes hath ton no Declination, but is in rags O's] 
the EquinoQtial ; but when the day is either 1x or 13 |[4,, hoy. 
hours long the Declination 1s then. 5 deg. 55 min. and nnsl 
when the day is either 9 or 15 hours long, the Sun D M 
hath 16 deg. 55 min. of Declination, and fo for the reſt, ” 163 28 
25 1n the Table. | 8 |2T 4O 

For the placing of theſe Parallels of the length of the 9 [16 $55 | 
day upon any of the fore-mentioned Plains, you muſt | 1o |xzx 37 
inſert theſe Angles of Declination into your 'Trigon | 11 | 5 55 
between the Tropicks ; and proceed in all reſpeQts as | 12 | © oo 
before. I will therefore give you but one Example, | 13 | 5 55 
which ſhall be in a South Plain , Declining Eaftward | 14 |iz 3z 
15 deg. in the Latitude of 51x deg. 32 min. 15 [16 55 

Havingdrawn your Dzal with hours, habves and quar- 16 |21 40 
ters, or made an Horizontal Dial proper for this Declining S [23 31 


Plain, :and put in the 


taught. . 


Equizottal, proportioned your 
Stile to the Plain and deſcribed the two Tropicks as hath been ag" 
ou 
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You muſt then, for the drawing of the Parallels of the length of the day 
have recourſe to the little Table, betore-going,and inſert thoſe Degrees of De. 
clination into your Trigon, and from thence transfer them to your Plain, 

It is to be performed in all reſpe&ts as in the former ms for the inſert. 
ing of the Signs, not at all differing therefrom, and theretore I ſhall forbear 
to give any farther inſtruftions for the performance, thereof, but ſhew you 
the Figure of a South Plain Declining Eaſtward 15 deg. with theſe P. 
rallels | pts thereon , which will inſtruct more than a whole Chapter of 
Information. See Figare IX. 


Note, In Chapter T. of this TraQate, where I ſhewed how todeſcribe the 
Tropicks and other Parallels of Declination upon a Polar Plain, where 
they are Perfe& Circles, I told you that I made choice of ſuch and ſuch 
Patallels of Declinatior, as of 11 deg. 37 min. 16 deg. 55 min. &c. for a 
reaſon hereafter to begiven ; that is, becauſe rhoſe were the Parallels of 
Declination proper for thoſe Circles when the day ſhall be 10 or 14: 11 
or 9 hours long, and therefore, the Circles drawn through thole Points 
of Declination are the Parallels of the Sun's Courſ: or Diurnal Ar. 
ches when the day 1s 13, 24, 15 or 16 hours long, as they are noted 
in Figure I. 


And thus much for the drawing of the Parallels of the Sigzs and Diurnd 
Arches in all kinds of Plains. I will now proceed to ſhew you how ſome 
other Aſtronomical Concluſions (whichare very pleaſing and delighttul) may 
be inſcribed upon all forts of Dial-Plains. 


CHAP. IV, 


Shewing bow the Italian and Babyloniſh h»urs may be Deſcribed 
upon all kinds of Dial-Plains. 


H E Italians account their hours from the Sus Setting ; and the Ba 
bylonians from his Riſing , ſo that theſe kind of Hour-lines bein 
drawn upon any Plain, you know how many hours are palt ſince the lat 
Setting or Riſing of the Sun. The Inſcription of thele #Joar-lines into 
any of the former Plains 1s very eafte, the Work of the lait Chapter being 
well underſtood. | 

Becauſe that upon a full South or an Horizonta! Pl-in, theſe Hour-lines 
ſhew themſelves moſt uniform,T have therefore for Example ſake,made choice 
of a full South Dial, upon which it ſhall be /hewn how to draw both the 1:4- 
lian and Babyloniſh hours. 

Your Dial being drawnand thetwo T ropicks and the EquinoCtial thereon 
inſcribed,and alſo the Horizontal Line as in Figure X. you mutt draw in your 
Dial two obſcure Parallels of the length of the day, one when the day is 8 
hours, and the other when the day is 16 bours long : expreſſed in the Dial by 
the two pricked Arches near the two Tropicks, the uppermoſt of which is the 
Parallel of the Sun's Courſe when the day is 8 hours long, and the undermot 
15thePerallel of his Courſe when the day is 16 hours lopg,and the EquinoQtal 
is the Parallel of the Sun's Courſe when the day is 12 hours long. | 

Your 
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your Dial being thus prepared, and we 


neſe Parallels thus inſerted, the Inſcrip- | Length of the Day. 
08 of theſe Hour-lines is very eaſieand |. 8 | 12 | 16, 
Jain to be underſtood. To begin then — 
ich the Inſcription of the Babyloniſb + 7 5 
tours (which are the hours from the Ws Wo 6 
Sun's riſing.) Firſt, It is- apparent that | 8 3| 100 9 7 
whe the day is 8 hours long,thattheSun |, 4| 12 Io | 

riſeth at 8 in the Morning, fo that at that _| $ 5 x | I 9 
cime,che firſt hour after the Sun's riſing 1s | © 2 I2 IO 
gin the Morning. Secondly, When the 8 / 3 I IT 
day is 12 hours long, the Sun riſeth at 6 Y. 4 2 12 
in the Morning, fo that at that time, the | 8 9 p 3 I 
frſt hour after the Sun's riſing is 7 inthe |* *®| 4 Bs 
Morning. Thirdly, When the day 1s 16 bi 4 5 8 


hours long , the Sun riſeth at 4 in the — 
Morning, fo that the firſt hour after his rifing 1s 5 inthe Morning, as plainly 
appeareth by this Table: by which you may perceive that when the day is 8 
hours long, the ſeventh hour from Sun riſing 1s 3 in the Afternoon, When 
the day 1s 12 hours lovg, the ſeventh hour trom the Sun's riſing is x in the 
Afternoon. And when the day is 16 hours long, the ſeventh hour from the 
Sun's riſing is 11 before Noon, as by this Table doth evidently appear. And 
therefore a ſtreighr Line drawn in your Dial through thoſe Points where the 
common Hour-lines of your Dial crols the reſpective Parallels of the days 
lenzth, ſhall ſhew the true quantity of hours ſince the Sun's riſing at all times 
of che Year, which is the Babyloniſh hour. 

For Example, Let it be required to draw the ſeventh hour from the Sun's 
riſing in your Dial. Firſt, By the Table you ſee,that in the Parallel of 8 hours 
for the length of the day, the ſeventh hour from the Sun's riſing is 3 in the 
Afternoon, therefore obſerve where the Hour-line of three crofſeth the Pa- 
rallel of $ hours, which is at 4. Secondly, By the 'Table you fee that m the 
Parallel of 12 hours for the length of the day, the ſeventh hour from Sun 
riſing is then 1 in the Afrernoon, wherefore obſerve-where the Hour-line of 
1 croſſeth the EquinoQtial, which isat 6, Thirdly, By the Table you ſee that 
inthe Parallel of 16 hours, forthe length of the day, the ſeventh hour from 
the Sun's rifing is 11 before Noon, therefore obſerve where the Hour-line of 
11 croſſeth the Parallel of 16 hours, which 1s at c : then draw the ſtreight 
Line 4b c, which ſhall be the ſeventh Babyloziſh hour, or the ſeventh hour 
from the Sun's riſing all the Year long. 

And by this Rule, and the help of the Table, you may draw all the other 
hours from Sun riſing,as you ſee them drawn 1n the Figure,and put Numbers 
tothem, as you ſee there done ; But to remove all doubts that may ariſe in the 
performance thereof, obſerve the following Notes: | 


Note 1. That ifany of the Points you are to make uſe of for the drawing 
of any of theſe hours fall without your Plain, you muſt in this caſe ex- 
tend your Hour-line, Parallel and EquinoCtial, beyond the limits of 
your Dial-plain, and there make uſe of the Points, but you need extend 
the Line you draw no farther than the bounds of the Plain, as here in 


I25 


the Figure you ſee the firſt hour from Sun rifing crofſeth not the Equi- - 


noQtial and the Hour-line of 7 within the Plain, bur if the EquinoCtial 
and the Hour-line of 7 were — it would crols, ji 
K ote 
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Note 2. That if any of the three Points you are to make uſe of do fo f 
exceed the limits of your Plain, that it will be either impoſſible (or y 
leaſt very troubleſome) to extend the Hour-lines fo far, then in that cþ 
any two of the three Points will ſufficiently ſerve the turn. 

Note 3. That as the hours from Sunr-iſing were = into the Plain, bythy 
ſame Rule may the hours from Sun-ſetting (or [ta/ian hours) be inſe 
the difference being only in the numbring of them ; the hours from th 
Sun's riſing _ numbred from the Welt {ideto the Horizontal Linehy 
1,2, 3, 445, 6, 7, , 9, 10,and 11, and the hours from the Sun's ſetting an 
denominated from the Eaſt fide of the Horizon, and numbred back, 
wards by 23, 22, 21, 20, 19, 18, 17, 16, 15, 14, and 13,as in FigureX 
doth evident! _ ; 

Note 4. That theſe [ta/ian and Babyloniſh hours inſcribed on all Plain 
by help of this little Table, and the Rules and Caurions delivered j 
this —_— and therefore more Examples were ſuperfluous : 
for your further ſatisfattion have recourſe to Figure IV, and Figure | 
where theſe Hour-lines are inſcribed upon DireCt Polar and Dire&t | 70; 
#ottial Plains. 


A Corollary ariſing from the Werk of this Chapter. 


The Parallels or Hour-lines from the Sun's Riſmg or Setting being it 
ſcribed upon any Plain, there will, by their Correſpondent Inter:Rions Ine 
with another, & Points produced, through which, if Lines be dray 
with an even hand, the ſame ſha!: be Parallels of che Length of rhe day: 
the Pricked Line 5c 19, in Figu-- X,1is the Parallel of the Sun's Courſe whe 
theday is 16 hours Long; and the” icked Line © 4 © 1n the ſame Figure X,1 
the Parallel whea the day 158 ':0urs Long. So the Pricked Curved Lines 
the EquinoQtial Dial, Figure Lv, are the Parallels of the Sun's Courſe whe 
the day is 8.9. 10.11.12.13. 14.15 27. 15 hours Long. Alfo, the Circul 
Line noted with 15. 15. 15. in the 7:1 Dial, Figure I. is the Parallel d 
the Sun's Courſe when the day is 15 hovrs Long : and thus may Points 
found whereby to draw the Diurnal Arches upon all Plains whatloever. 


ee 


GHATF. V, 


Shewing how the Jewiſh or Old Unequal Hours may be drawn 
. | any Plain. - 


T: was the Cuſtom of the Ancients to divide their Day and alſo the 


Night ( whether long or ſhort) into 12 equal parts, beginning the 
P! a the Sun's riſing, BY their Night at the Sun's ſetting : So that 12 


of the Clock at Noon was always the Sixth hour of their day, and 1! 
at INE ns always the Sixth hour of their Night, and according to tis 
Divifion were their Dials drawn ; fo that all rhe Summer the hours 
their day were longer than the hours of their night ; and all the Winte 
the hours of their night were longer than thoſe of their day , and whe 
the Sun is in the Equino&tial , then the hours of their day and night we 
equal, and the ſame with thoſe of our Account, but at all other times 


the Year different. 


= 5 ARA 5 mn. =- 
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The inſcribing of theſe hours into all kind of Plains is very being 
much like the drawing of the Babyloniſh and Italian hoxrs before taught. 

_— therefore drawn your Dial with the Hours, Halves, and Quarters, 
and alſo drawn the two Tropicks and the Parallels of the length of the day 
thereupon, as you ſee done in Figure IX, which is a South Plain declining 
Eaſtward 15 deg. Then make choice of two Parallels of the length of the 
day, which mult be both of them equi- 4 


—_— 


diſtant from the Equino#ial,which let be |. = 73 
the Parallels of 9 hours and 15 hours, | 2 | The Paral- | The Paral- 
both which are three hours diſtant from | = |! of 15] E.| let of 9g 
the Equinodial on either ſide thereof and | =. | hours. A hours. 
theſe two Parallels are the moſt conve- | 2 5 

nient for this purpoſe, becauſe the Jewiſh | jH MH M 
hours, will fall Gintheſe two Parallels) |—| —<—<— ]- —_ 
juſtly upon the Hours, Habves and Quar- |* | 5 45 lp $ 23 
ters of the Common Hour-lines: and ſo 1* | 7 ON 9 © 
be the eaſier drawn. Now the Points [3 | $ 151 91 9 45 
through which every one of the Jewiſh 14 | 9 Jo] JO] TO 30 
hours muſt paſs is ſhewed by this little [5 | 45] xx. 5 
Table, wherein you may fee that the (6 1'2 Of ©S1 TS © 
Firſt Jewiſh hour muſt bedrawn through [7 |] 7 _ 3” 45 
5 hours 45 minutes (or 5 hours three 8 | 2 zo] 2 + 30 
quarters) 1n the Parallel of 15, through - |9 | 3 451} 3] 2 Is 
7 hours in the EquinoGtial, and through | 72] 5 ol 4] 3 © 
$ hours and a quarter in the Parallel of |'*| 6 IS} 31] 35 45 
9 hours. bad BY AIGS od Zr I HE 


In like manner,the Secand Jew:ſb hour 
muſt be drawn in your Plain through 7 of the Clock in the Parallel of x5 : 
through 8 a Clock inthe Equinottial : and through g of the Clock in the Pa- 
rallel of 9 hours, and fo of all thereſt, accordingas you ſee in this Table, and 
as you may perceive them drawn in the South declining Plain before men- 
tioned Figure IX. Andthrough thoſe hours and quarrers of hours which this 
Table exprefſeth,muſt the Old unequal or Jer:fb hours Be drawn, in all Plains 
whatſoever; whether Direct,Declining,or Recliningand Declining,of which 
you have another Example of theſe hours drawn upon the Polar, or South 
Reclining Plain, Figure IV. Theſe things are called by ſome the Planetery 
Hours, but they are very different from them, for theſe ceſpeR the equal Ds- 
viſion of the Equinod1al, as the other do of the Ecliprick. THE 


— —_—_—_. 
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CHAP. VL 


Shewing bow to draw the Azimuths, or Vertical Circles on all 
ſorts of Plains. 
ether in the 


HE Azimuths are great Circles of the Sphere, meeting 
ſ Zenith and Nadir of the Place: Th aqaick the 2 Ralon or 


itude to the Horizon, as the Meridians or -circles have to the Equi- 
noftial, They are variouſly inſcribed on all Plains according to their Situ- 
ation, In the Horizontal Plain they meet in a Center with equal Angles: 
As the Hour-lines did in the EquinoQtial Plain. In all Upright Arne 
whether 
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d whether Direz or Declining, they are Parallel to the Meridian or Line of x 2. 
And in all Reclining Plains they meet together in a Point which is the Ze- 
nith of the Place, but with unequal Angles. Theſe Azimuths being great 
Circles in the Sphere; are therefore ſtreight Lines, and may be deſcribed 

upon all forts of Plains as followeth. 


SECT. I. On the Horizontal Plain. 


TN the Horizontal Plain theſe Azimuths are moſt eaſily inſerted, for your 
K Dial being drawn, with the Tropicks thereon, you Four no moretodo 
ut upon the foot of the Perpendicular Stile to deſcribe a Circle, which 
you = divide into 32 equal parts (beginning at the Meridian) anſiver- 
ing to the 32 Points of the Marizer's Compaſs ; Or elſe you may divide the 
ſame Circle into go equal parts, according to the Aſtronomical Diviſion 
and through each of thoſe Points draw ſtreight Lines trom the foot of the 
Stile, and ſet Numbers or Letters to them, either by 10, 20, 30, 40, &c. 
if you divide the Quadrant into go, or elſe by South, S by W, SS W, 
SW by S, &c. if you divide the Circle according to th: Mariners Com- 
is; An Example of thele Lines drawn upon an Horizontal Dial, you 
all find at the end of the Tenth TraQtate, Of Projettive Dialling, * 


i | SECT. II. On Eaf$t or Weſt Erect Dire& Plains, 


X 7 Our Dial being finiſhed, Upon the Point E, of the Horizontal Line 
| MEN in your Dl, raife the Perpendicular EQ cqual to the 
LineEG in your Dial, and on Q as a Center, deſcribe the Quadrant QEL, 
and divide it into eight _ parts, repreſenting one quarter of the Mariners 
Compaſs, and from the Center Q draw Lines through each of thoſe Divi- 
ſions, extending them till they cut the Horizontal Line ME N inthe Points 
©©0D0©0 o, trom which Points draw Lines 6-55 ramp tote Horizon» 
tal Line ME N , and they {ſhall be the Azimuths or Peints of the Compaſs be- 
tween the Ex# and the South. Now for thoſe 42ir:aths which fall be. 
tween the Ex and the North, namely, E by N.—E N E—NE by N-— 
the fame diſtances being ſet upon the Hotizontal Line from E, towards the 
left hand, as the three firſt Azimuths E by S—ESE SE by E werg 
toward the right hand, ſhall give the 3 Points © © © on the !eft hand of E, 
through which Points alſo Lines drawn perpendicular to the Horizon, 
ſhall be the Azimuths berween the Ex# and the Nerth, wiz. fomany of them 
as your Plain is capable to receive, as in Figure II, | 
| 
J 
l 
[ 
[ 


qJ Here note, That as the Ex Dzal ſheweth all the Aſorzizg hours from 

- ., Sun Rifng to the Meridian : and the Weit Dial {heweth all the {frer- 

_ #00» hours from the Meridia to his Serting : fo doth the Exit Dia! ſhew 

all the Azamuths from the Sun's Riſins till Noon, and the He Dial all 
the Azimuths from Noon till his Sertins. 


SECT. II. In the full North and South Erect Plains. 


is very little different from the drawing of the ſame Circles up2n the 
or Welt Plains. Burt for Example, Lert it be required to draw tie Az 


gn 11> ih 
 $$3© 


| 'HE drawing of the Azimuths upon the full North or South ereQ Plas i 
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muths upon a full South Dial. The Tropicks and the Equinoftial being 
drawn together with the Horizontal Line A LB. Take in gur Compaſſes 
the length of the Perpendicular Stile of your Dial L'S, and ſet it -upon the 
Meridian Lineof your Dial, from Lto ©, and upon the Point © as a Center, 
deſcribe the Semicirele E L F,and divide each Quadrant thereof, namely E L 
and L F into g equal parts(cach Quadrant repreſenting one quarter of a Great 


according to the 4ſfroromical Account of them, as 10, 20, ES &c. from the 
Mcridian, and not according tothe Marizer's Account by Points of the Cons. 
paſs) and through each of thoſe Diviſions draw Lines from the Center © tili 
they cut the Line ALB in the Points -», », o,p, qand r, through which 
Points draw Lines parallel to the Meridian or Line of 12, they ſhall be the 
true Azimuths upon your Plain, and ſotheſe Azimuths are according to the 
Aſtronomical Account by 10, 20, 30, 40, &c. and not by the Mariner's Ac- 
count by Points of Compals, as1n the Eaſt Dial they were. 


SECT. IV. On Ere& Declining Plains. 


N upright Declining Plains the Azimuths are oy inſcribed, little diffe- 
ring from the former. Draw therefore your Dial, which we will fi 
poſe to be the South Declining Plain before uſed, Declining from the South 
> WW Ezitward 15 degrees. As Figure IX. 
- Your Dial being drawn with the EquinoQtial, Tropicks, and Horizontal 
» Line thereon inſcribed; Upon the Horizontal Line D BE in your Dial, on 
s Wihe Point B raiſe the Perpendicular B C, making BC equal to BO the per- 
- Mrendicular Stile in your Dial : then on the Point C as a Center, deſcribe 
5 Withe Semicircle RBS; This done, Lay a Ruler upon C, unto ©, where the 
1- WM Hour-line of 12 and the Horizontal Line do croſs each other, and where it 
e- {cuts the Semicircle R BS, begin to divide it 1nto ſixteen equal parts at the 
e- Whoints * * ®, &c. then from the Center C draw Lines through each of thoſe 
— }Þirifions till they cur the Horizontal Line D E in the Points a bcdefg hs 


ec Wc and. Laſtly, Through theſe Points 4 b c de fg hi k and / draw Lines 
7 W:zraliel ro the Meridian, which Lines ſhall be the Azimuths required, which 
E, Wrou muſt number according to the Situation of the Plain, viz. the Weſtern 
n, WA1zimaths on the Exit ſide of the Meridian, and the Exftern Azimuths on the 


Fei (ide thereof, as you fee them numbred in Figure IX. 


SECT. V. Upon Dired North, and South Recliners. 


N ail theſe Plains, becauſe the Zenith of the Place cutteth theſe Plains ob- 

l:quely, makingoblique Angles therewith, there is inall theſe Plains two 
Pernts to be found, before the Azimarhs can be drawn: The one is the Zenith 
# the Plain, (which is the foot of the Perpendicular Stile;) The other is the 
enith of the Place, (which is the Point upon the Plain where all the Azz- 

hs muſt meet, with ur<qual Angles, as the Hoar-lizes upon all Di 
0 inthe Poles, except in the Polar Plain, where they meet with An- 
'S W's.) And here note, That the Zex:ith Point of the Place, always falleth 
£35 Fzpon the Meridian, or 12 a Clock Hour-line of the Dial 


L1 I. Upon 
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Figare 


Circle, which is go degrees) For in this Example I have put in the Azimuth; . 
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I. Upon Dire Polar or Equinodtial Plains. 


To find theſe two Points upon a North Plain Reclining from the Zenith 
51 deg. 32 min. equal to the Latitude of the Place, the Complement thereof 
is 38 deg. 28 min. and ſuch a Plain is the forementioned Polar Dial, Figure], 

To the Trigon belonging to this Polar Dial, the Line K D is made equal to 
the height of the Perpendicular Stile in the Dial AX, Wherefore, Let 
K D be made Radixs, then M C ( being Perpendicular to it) is a Tangent 
Line thereto, Wherefore, upon K, as a Center, deſcribe an Arch of a 
Circle LD V, upon which ſet 51 deg, 32 min. the Reclination of the Plain 
from DtoL, and ſet 38 deg. 28 min. the Complement of the Plain's Rec; 
nation from Dto V, and through the Points L and V, draw the Lines K LM, 
and KV T. 

So, KD being equal to the length of the Perpendicular Stile, D M 
ſhall be the Tazoezr, and K M the Secant of the Plain's Reclination : And 
D 'T {hall be the Tangent, and K T the Secant of the Complement of the 
Plain's Reclination. 

Theſe Lines being drawn upon your Trigon, take D M the Tangent of the 
Plain's Reclinarion, and fer ir upon the Meridian Line of your Dial-plain 
from A the foot of che Perpendicular Stile, to S, ſo ſhall S be the Point through 
which the proper Horizontal Line of the Plain P'S Q muſt be drawn. — 
Alſo, out of your Trigon take D T, the Tangent Complement of the Plain's 
Rechnation, and ſer \ diſtance pon the Meridian Line of your Dizl-Plain, 
from Athe foot of the Perpendicular Stile, to ©, ſo ſhall © be the Zenzh 
' the Place, and the Center where all the Azemmurhs mutt meer. 

Again, Take K M, (the Secant of the Plain's Reclination) out of your Tri- 
gon, and making that Radizs, ſet one foot of vour Compaſſes 1n A, the Cen- 
ter ot the Dial, and deſcribe the Semicircle »S », which divide into 16 equal 
parts, tor one halt of the Mariner”s Compaſs it you will put in the Azimath; 
according to that Account (as here they are) Or into go deg. each Quadra 
(it you will) according to the Aſtronomical Account. Then lay a Ruke: 
upon A, and the ſeveral Diviſions of the Semicircle --S x, and it will cur rhe 
Horwontal Line PSQ (which is altoa Tangenr Line tothe SemicirclemS #) 
in the Points = = = x. 

Laitly, Lay a Ruler to ©, which is the Rentth of the P'ace, and roever 
of thele Points « « +, So ſhall Lines drawn bv the Side of the Ruler (as the 
Pricked Lines in Figure I. are) be the A=ims;b Lines defired. Which mui: 
be numbred from the Aſeria;an towards their proper Coaſt, as in Figurel. 
Upoa all cther Plains the Rale following is General. 


fl. Upon North and South Reclining Plains. 


The Perpendicular Stile being made the Ridtas, the Meridian Line. is 2 
Tangent Line thereunto : and the V'erticz! or R-xith Point, in whit 
all che {=amerbs muſt meer, muſt alwars be the T «nzent of the Cow 
fiement of the Plains Reclination, and mutt be for upon the Meridia 
Line, from the foor of rhe Perpendicul2r Stile -onawards in Recliners, 
bur szr 4; (or above the foot of the Perp=ni::lar Srile) inthe oppy 
fire lzc{:x-7 5 Aito, The Horimzerts Pint in 5h ee Rechnis Pins. 
mutt be the Taxcen; of ihe Pliin's Reciinagttcn, iwn irom the foor of tns 
Perpet 
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Perpendicular Stile upon the Meridian «pwards in Reclining Plains, but 
downwards in the Incliners. And the Horizontal Point being found, the 
Horizontal Line drawn through the ſame muſt bealways Parallel to the 
Hour-line of Six, . | <p, 


In Equinoftial Plains, whether Dirett or Declining , the Azimuth Circles 

' meet at the Yertical Point , with Un-equal Angles, and therefore, one other 
0 Point muſt be foun1 to draw each Azimuth by : | 

et And that other Point may be moſt conveniently had, either in the Hor- 
at zontal Line of the Plain, or in the Equinofial : And thoſe Points of Inter- 
a ſeion with the Equinotial, may be found by this Proportion, 


I As the Sine of go deg. 
M, Is to the Sine of the Latitude 
So is the Tangent of rhe Azimuth from the Meridian, 
- To the Tangent of the Equator's Diſtance from the Meridian. 
n | 


he So the Latitude being 51 deg. 32 min. The 1oth Azimuth from the Me- 
ridian will be found to be +7 deg. 5o min. from the Meridian upon the-Equa- 
tor : Or, the Azzmmt' of 11 deg. 15 min. one Point of the Compaſs will be 
found to be 8 deg. 51 min. from the Merid/az upon the Equator, and the reſt 
25 in theſe Tables. | 


| —— 


Pres 
Azimuth. 


Equinott, | by Equinoet, | Points 
Diſtance, 8 Diſtance. | Names. 
D MI]D M| 81D M|D M 
bs--:205-9 wu I 11 I5 8 51 Sb E 
20 Og 15 +54 2] 22 3o|18 $58!SSE 
30 0124, 20 £4.20 SETS 361SEbyS | 
49 9133 18| 4145 o|3 2 | So. Eaſt | 
\ 20:08 513% 15149 3o0;SEGE 
on -01043. 2s 6167 J3o[62 6|ESE 
”o g10s 1 7178 45175 44 3 & 
go Hol37 1s 81 90 "Wes 
— go olgo O | | 


mui: I intended to have inſerted the 4zimaths (by this Rule) into Figure IV. 


ure W but it beirg incumbred with Furniture enough already, I omitted them : 


Theſe Diredions being ſufficient to ſupply that Defect. 


SECT. VI. Upon Ea$t or We$t Recliners. 


- is 20 I N all thoſe Plains, the Hour-lize of XIT. (which is the Meridian of the 

| Place) and the Swbſtilzr Lize (which is the Meridian of the Plain) are not 

- Cowl >&th one Line, (as in all the other Examples they were) but two ſeveral Lines: pg;,... 
ridian}} You muſt therefore (to infrance in a We# Dial Reclining 40 deg. as in Fi- yio 
Liners, Sure XII.) Firſt, Find che //*7ric4/ or Zenith Point, where the Azimuths 

ono ©re to meer, and Secondly, the Horizontal Point, through which the Hor:- 
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Firſt, From the foot of the Perpendicular Stile, as at A, let fall a Perpen- 


dicular to the Meridian of the Place or Hour-line of XIT. [which Line in all 


Figure 


XIII. 


and draw the Lines H K and 


quarter thereof 
: where the Vertical Line V A (exten- 
cuts the Semicircle : A Ruler laid fromQ, to each of thoſe parts, 
will croſs the Horizontal Line DOE (extended where need requires) in 
the Points * #* #*, Oc. - 

Laſtly, A Ruler laid to V, the Zenith Pcint and every of theſe Marks 
* * X 1n the Horizontal Line, it you draw Streight Lines thereby they 
ſhall be the Azimaths Required. 


SECT. VII: Upon North or South Declining Reclining Plains. 


E inſerting of this kind of Furniture into Declining Reclining Plains, 
differeth little from the inſerting the ſame Furniture into Eaſt or Welt 
iners ; For having drawn your Dial, proportioned your Stile to your 
Plain, deſcribed the two Tropicks and Equinoctial, as alſo the Horizontal 
Line proper to the Plain : You may proceed to the Inſcription of the Azi- 
muth or Vertical Circles, in manner following : 
Firſt, From the foot of the Perpendicular Stile at K let fall a Pe 
cular to the Horizontal Line of the Plain, as V KH, upon K raiſe a Per- 
pendicular K N, making K N equal to F K the perpendicular Stile; which 
Line K N, make a Raazs, and upon N asa Center, deſcribe an Arch of-a 
Circle, and upon it ſet 35 deg. the Complement of the Plain's Reclination 
from K to 6, and draw the Line N 6 V. Allo fer 55 deg. the Reclination 
from K to 4, and draw the Line N 4 H: So ſhall K H be the Tangent, KV 
the Tangent Complement of the Plain's Rezlination, and conſequently H N 
the Secant ot-the Reclination. 
Secondly, Make H O equalto H N, and upon O asa Center deſcribe the 
Semicircle P H D, ſo is the Horizontal Line a 1 angent Line thereto. 


Thirdly 


Eaſt and Weſt Recliners is Parallel to the Horizon, as in North and South 
Upright Plains it is Perpendicular therennto] Let this Perpendicular Line 
be V AO, fo V ſhall be the Vertical or Zenith Point, where all the Azimuths 
muſt meet, and O ſhall be the Poine through which the Horizontal Line 
muſt be drawn, parallel to the Hour-line of 12, as the Line DOE, and (if 
there be no former Errour in your Work 
through the InterſeQion of the Equinofiial Line with the Hour-line of Six, 
Theſe Points you ſee are eaſily found in theſe Plains, by drawing of one Line 
only, namely V A O; But more artificially thus: TheLine V AO being 
drawn at full length, Upon the Point A EreQta Perpendicular A H, makin 
equal to A B the length ofthe Perpendicular Stile. Then making A 
the Radizs, V A O ſhall bea Tangent Line thereto: Upon H deſcribe the 
Arch ofa Circle LAK, and upon it, ſet off 4o de 
nation from A to K, and 50 ry. the Complement thereof from Ato L : 
L, till they cut the Perpendicular Line 
V AO, which they will do inthe Points V and O, and fo is A O thg Tan- 
gent of the Plain's Reclination 4o deg. and A V the Tangent Complement 
of the Reclination 50 deg. and by this means alſo you have found the Yer. 
tical and Horizontal Points O.and V. 
This done, take HO (which 1s the Secant of the Plain's Reclination 4o 
deg.) and with that diſtance, upon A, the foot of the Perpendicular Stile, 
eſcribe a Semicircle PQS, which divide (each 
ight equal parts, beginning at Q 


) this Horizontal Line will alſo paſs 


o, the Plain's Recli. 


) into 


rpendi- 


nation 
t, KV 
y H N, 


1be the 


*hirdly, 
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Thirdly, Obſerve where the Hour-line of 12 cuts the Horizontal Line, - 


which isat S: A Ruler laid from O to S will cut the Semicircle in Q, at 
which Point begin to divide the Semicircle into (either) 16 equal parts for 
the Points of the Compaſs, or (as I have here done) into 18 equal parts, at the 
Points © © ©, &#c. each containing 10 deg. as Aſtronomers account. 


Fourthly, "The Semicircle being thus divided, lay a Ruler to Q, and eve- © 


ry of the Diviſions © © ©, &c. and where the Ruler croſſeth the Horizontal 
Line, make Marks or * * *. 


Laſtly, If from the Point V, right Lines be drawn through theſe Marks. 
or * * *, they ſhall be the Azimuths proper for the Declining Recli- 


ning Plain. 


# #® 
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Of the Almicanters, or Circles of Altitude, and how t6 inſcribe 
them upon all ſorts of Plains. 


bitude or relation to the Azimuth or Vertical Circles, as the Parallels of 
Declination have to the Meridians or Hour-circles : And therefore, As the 
Equinottial it ſelf, and alſo all the Parallels of Declination 1n a Polar Dial, 
(as Figure I.) are perfe& Circles, ſoare the Almicanters perfect Circles upon 
Horizontal Plains. | 

The Inſcription of theſe into all ſorts of Plains, is (in a manner) the 
fame with the Inſcription of the Parallels of Declination : Only, whereas 
inſcribing the Tropicks and Parallels of Declination , you took the Hour- 
lines out of your Plain and put them into a Trigo ; fo in the Inſcription 
of theſe, you mult take the Azimuth Circles out of your Plain, and put them 
into a Trigon, and from thence transfer them back again to your Plain as 
you did the other : And therefore, As the Hoar-lines (in the other) muſt 
be firſt drawn upon the Plain, fo (in this) muſt the Azimaths be firſt in- 
{cribed as in the preceding Chapter hereof was ſhewed how to do: And 
becauſe theſe Almicanters are ſmaller Circles of the Sphere, as the Tropicks 
and Parallels of Declination were, they will (by the 30. AﬀeCtion) alſobe 
Conick Seftions : Now the manner how to inſcribe them upon all forts of 
Plains, ſhall be ſhewed in this Chapter. 


SECT. I. Upon Vertical, or Horizontal Plains. 


FT "Heſe Plains lie Parallel to the Horizon , and have the Zenith Point 
for their Pole, fo that the foot of the Perpendicular Stile muſt be 
the i _ upon which ( in theſe Plains.) the Almicanters muſt be de- 
cribed. | 
For the Numeration of theſe Circles, there are Two ways which are 
moſt in uſe. The one is according to Dagoons and Minutes of Altitude ; 
re 


the other according to the Proportion that the height of any Upright Obje& 
bears to the Shadow of it. : 


M m I. By 


N the Sphere, the Almicznters or Circles of Altitude, have the ſame ha- 
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I. By Degrees and Minutes of Altitude. 


The Dial being drawn, with the EquinoQtial and the rwo Tropicks upon 

it (to limit the reſt of the Work ) make yhe Perpendicular Stile -of rhe 
' Dial a Radiws, and upon the top thereof (as a Center) deſcribe a Semi- 
circle (or Quadrant) then will che Meridian or 12 a Clock Hour-line be 
a Tangent Line thereunto. Divide this Quadrant into go equal parts 
or degrees, ( or into each 5 or 10 deg. which may be ſufficient) and from 
the top of the Stile draw Lines through thoſe Diviſions, till they cur the 
Meridian of the Dial, And through thoſe Diviſions upon the Xeridian Line, 
Circles deſcribed upon the foot of the Perpendicular Stile, ſhall be the Circles 
of the Sun's Altitude when the Sun is fo many degrees high as you divided 


your Quadrant into parts, whether every. 5* 10 or any other number of 
Degrees of Altitude. 


IT. By the Proportion that Upright. Obje's bear to the Length of 
their Shadows. 


If you make the length ofthe Perpendicular Stile a Radzwz,as you mult (al- 
ways) do, ler it be divided into 1o (or rather 1co) equal parts: "Then, if 
you take the whole length thereof in your Compatlles, and fer it from the foot 
of the perpendicular Stile, upon the Meridian Line, and through that point 
deſcribe a Circle, the point of the Shadow of the Apex, or top of the perpen- 


dicular Stile, when (at any time) that toucheth that Circle, the Shadows of 
all Upright ObjeRts ſhall be equal to their Altitudes or Heights Like- 
wiſe it twice the length of rhe perpendicular Stile be fer upon the Meridian, 
from the foat of the Stile, a Circle deſcribed through that paint, when the' 
Shadow of the top of the Stile cometh to rouch that Circle, then are the 
Shadows of all Upright Ohje&s double to their heights: Likewiſe if 
Once, Twice, Thrice and an half, the length of the perpen91:cular Stile be 
{et upon the Meridian Line from the foot of the Stile, and Cyrele, defcribed 
through thoſe points, the Shadow of the Apex coming to touch any of them, 
the length of Shadow ſhall be equal ro either Once, Twice, Thrice andan 
half the height of the Objet ; Theſe Circles may have written wyon them 
10, 20, 30, 40, &c. degrees of Altirude. Or Aquali, Dapla, Tripla, &ec. An 
mple of an Horizontal Dial with theſe Circles defcribed upon it you 

have in the Ninth TraGtate hereof, Page 220. | 

But it you would put in more minute parts of the Proportion of Objetts 
to their Shadows, you muſt firſt enquire what Altiruce the Sun muſt have to 
make the Shadow be in ſuch proportion to the Object, as ſhall be required ; 
and to find that, this is the Analogy, or Proportion : For, 


As the parts of the Shadow, 
Are to the parts of the Gnomon ; or perpendicular Stile ; 
So 15 the Tangent of 45 deg. or Radius, 
Tothe Tangent that the Sun's Altitude muſ}-be, to make che Shadow fo 
long, as ſhall be required. 


Example, Suppoſe I would know how high the Sun mu3t bt, to make the Shadop 
to be tipo times and an half the length of the Guomos : 


'The 


1c 
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The Gnomon or perpendicular Stile, we will ſuppoſe to be divided into 


ual parts, and meaſuring theShadow thereby, you find that tobe 350 
veres, tha i ; times and an half, the length theroo'] Say, 


As 350, the parts of the Shadow, 2; 54407 


Are to 100, the Length of the Gnomon ; 2.00000 
So is the Tangent of 45 deg. or Radins, IO, 05000 
Tothe Tangent of 15 deg, 57 min. 12, 00000 


9.45593 
And ſuch Altitude muſt the Sun have to makethe length of the Shadow to 


be Three times and an half the length of the ObjeQts, height. 


And according to this Proportion may you find any other Proportional 
Parts, the moſt uſual I have here ſet down, with their Altitudes ready 


Calculated. : | 
TN eg. min. 
{ 10] (x | 7 07 
6 | I | 9 I 
5 [ RE---2 
4 I 14 ©2 
3 I | I 26 
If z0u would have the length of the | * Bo 26 33 
Shadow,to be in roportion to the < 3 , Is to | : > The Sun's Alti- 2 3; _ 
| et, 4s 
height of the Ubject, p 4 tude mutt be 38 26 
4 5 45 ©0 
4 4 51 29 
4 Z 53 OJ 
3 5 56 19 
81 2 3 58. ©02 
G3 2x 


| And on the contrary, If you would know what Altitude the Sun muſt 


have to make the Shadow of what Length you ſhall Defire ; then uſe the 
lollowing Proportion : 


As for Example - What Altitude mat the Sun have to make the Shadow to 
be 5 times the Length of the Gnomon ? 


AS 100, the Length of the Gnomon ; wg 2. 00000 
Is to the Radius, Tang. 45 deg. | 10. . 
9 is 500 (the Length of the Shadow required 2.69895 
2. 69897 


To the Tangent of 78 deg. 42 min: IO. 69897 
Whoſe Complement is 11 deg. 18 min. And ſuch Altitude muſt the Sun 


tave to make the Shadow 5 times as _ the Gnomon: And fo of any 
"her Length ; As in the following Table: 4 Tab 
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A Table of the Proportion that the Shadow hath to the Len h of 6 
Perpendicular Gnomon, uſeful for the inſerting of Reb Al. 
micanters into Sun-Dials. | | 


D M 
L234] 


But, when the Sun's Altitude is 


_— 


bh —_— 
(O— 


Gnomon. 


—_—— ca. 


The Shadow of the Gnomon is 


— .——_— 


When the Sun's Altitude is 
The Shadow of the Gnomon is 
Times leſs than the Gnomon 


Times 4s much , as the length of the 


( 


SECT. II. Upon Upright Plains, either Dire& or Declining, 


Pon all theſe Plains, having firſt inſcribed the Tropicks, Equinotial, and 
Horizontal Line, together with the Azimuths, proper tothe Upright 
Plain, whether it be Direct or Declinizg, Upon the foot of the perper- 
dicular Stile, erect a Perpendicular ro the Horizontal Line of the Plain : equa 

in length to the perpendicular Stile cf the Dial, As for Example. 
Figure In the Upright Declining Plain, Figure XI. Upon the foot of the perper- 
XI. dicular Stile at A, EreC& the Perpendicular A O equal to A B, and perpendi. 
cular to C D, the Horizontal Line of the Plain, Then prepare a T75gon, 

(as under the ſame Figure XI.) in this manaer, 


Firſt, Draw a right Line E F, and upon E as a Center,deſcribe an obſcure 
Arch of a Circle G F H, on both {ides of the Line E F, becauſe it is a Decl- 
ning Plain, and the Azimuths on each fide of the foot of the Perpendiculzr 
upon the Horizontal Line are not equidiſtant therefrom , (whereas, if it 
had been a Dire& Plain, one half of the Trigo» would have ſerved the 
turn) into theſe two Arches FG, and FH, trom the point F, by help of 
the Scale of Chords, inſert ſuch Arches, as you intend to put Circles of Alti 
tude upon your Plain. I have made choice of theſe, viz. 10, 20, 3o, 40, 50 
and 60, which I put into the Trigon from F, on both fides thereof to- 
wards H and G, at the Points ab c de and f, and fo draw the Lines E, 
Eb, Ec, Ed, Eeand E f on both ſides, ſetting the Numbers proper to 
them towards the ends of them : and theſe Lines I ſhall forthe furure cell 
the Lines of Altitude. 

Secondly, Take the length of the perpendicular Stile AB (to which AO 
3s equal) out of your Dial, and ſet it upon your Triger from E ro M, and 
through the point M draw the Line ML, perpendicular to E F. So (hal 
rhe Line E F of your Trigoz, repreſent the Horizoxtal Line of your Dial, 

aid 
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and the perpendicular Line L M that Azimuth or Vertical Circle which paſſeth 
through the foot of the perpendicular Stile in your Dial. 

Thirdly, Out of your Dial-Plain, from the point O, the top of the per- 
ndicular Stile, take the diſtances to the ſeveral points 20, 30, 4o, 50, 60 
and 70 (that is, where thoſe Azimuth or Vertical Circles, croſs the Horizon- 


the Live E F of the Tron, to the points 2, 3, 4,5, 6 and 7, on the Weſt 
fide of the Tr720», and through thoſe points, draw right Lines (all of them) 
perpendicular to the Horizontal Line of your Trigos EF, ſetting the Num- 
bers tothe ends of them as they are numbred in the Dial-plain, viz. 20, 3o, 
40, 50, 60 and 70 : So ſhall theſe Lines 20.2: 3o. 3: &c. be the Azimuth 
Lines upon your T r/gor. In the ſame manner deal with the Eaſt Side 
of the Dial, by taking the diſtances from O, to the InterſeCtions of the Azi- 
muths with the Horizontal Line, ferting them from E to 4 h, i,k, land m, 
and drawing the Azimuth Lines through the points, g, -, z, &c. on your 
Trigon, perpendicular to the Line E F, ſetting their reſpective Names or 
Numbers to them at the ends of them, 


Lines of Altitude from the Trigon to the Plain, which to do, 


Fourthly, Suppoſe , I would transfer the Parallel of the Sun's Altitude 
for 3o deg. from the Trigon to the Plain : Firſt, on the Weſt Side : 
The Parallel of 3o deg.. of Altirude is repreſented by the Line E &# 30, 
(1.) Obſerve where the Parallel of Altitude crofleth the Azimuth of 70, 
and trom that point (2.) take the diſtance to the Line E F, which diſtance 
:) ſer upon the Azimuth Line of 7o upon your Plain from 70 to », ſo 
ſhall » be the point upon the 70» Azimuth of your Plain, through which 
he Parallel of 3o deg, of Altitude muſt paſs : In like manner, 


' 
z* 


nd 
ht 2x 
20 60 60 0 
ul From the Point where | 5o | Takethe diſtance to the Horizontal | 50 p 
the Line of 30 deg .of 3} 40 | Line of your 'T'rigon E F, and } 40 q 

cn- Wl Airitudecroſſeththe } 30 ſet that diſt ance upon your Dial- | 30 any | 
di- WH 4zimuth Line of plain upon the Azimuth Line of | 20 $ 
Sabſt. [ 


20 


Subſt, 
Alſo, on the Eaſt Side of the Trigoz, and the Eaſt Side of the Dial : 


: . 10 1 . Io | (y 
nr rom the Point where the | South Take the "" ance 10 the Fori- South} | p 
; Lineof 30 des. of Alti- | 10 zontal Line of your Trigon is T 
od tude, croſſeth the Azi-\ 20 EF, and 20 ot Foe 20 [9 
DN math Line of : _ your Dial-plain, upon n J 
Alti- 3 the Azimuth Line of 3 - 
, 50 | 40 L4AO Y; 


; E 1, Then a Line drawn with an even hand, through the points » o pgs # % 
ro wx5242, ſo that it make no Angles, that Line, ſodrawn, fhall be the 
> cell Parallel of the Sun's Altitude of 3o deg. upon your Plain: And the like 
courſe is to be taken for all the reſt of the Parallels of Altitude, as the 

AVE Scheme, Figure XL. will better inform you than many words, 


(hall N SECT: 


tal Line of your Plain C D) on the Weſt ſide of the Dial, and ſet them upon 


Your Tripon being thus prepared, the next Work will be to transfer the 
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SECT. Ill. Upon Eaſt and Weſt Recliners, 'as alſo upon 
North and South Declining Reclining Plains. 


N theſe Plains, the Meridian of the Plain (or Subſtile) and the Meridian 
4 ofthe Place (or Hour-line of 12) are two different Lines ; Therefore (as 
in the deſcribing of rhe Parallels of the Signs) you took the Subſtile or Me. 
ridian of the Plain, for 12 a Clock, and drew Horizontal Hour-lines on either 
ſide thereof, ro facilitate the Work, (as in Chap. II. Set. IV, Fig. VII.) So for 
the Inſcription of the Almicanters or Parallels of Altitude, take the Azimuth 
which is perpendicular to the Plain (which will be always __ to the De- 
clination) and equal on both ſides thereof (from the foot of the perpendi- 
lar Stile) ſet off ſuch Azimuths as you intend (whether points of the Com. 
pals or 10, 20, 3o, &c.) for theſe muſt be drawn obſcurely, that they may 
may be wiped out again, if need be. 

Fizure Your Dial being thus prepared (which isa South Plain Declining 3odeg, 
XIV. and Reclining 55 deg,) with the Horizon, Tropicks, Equinottial, and obſcure 
Azimuths, as in Figure XIII. preparea Trigen in this manner. 
- Firſt, Draw a right Line F B, and upon F (asa Center) deſcribe an Arch, 
or Quadrant, of a Circle, as C D, and upon it ſet ſuch degrees of Altitude as 
you have a mind to inſcribe upon your Plain (I have here made choice of 10, 
20, Zo, 4o, 5o, and 5o deg. of Altitude, and therefore from F, throughtheſe 
points, I draw the Lines F 10. F 20. F 3o. F 4o. F 50. and F 60. Then 
make A F in your Tri20n, (Fieure XIV.) equalto V N, in your Dial, which 
is the Secant of 35 deg. the Complement of the Plain's Reclinarion, and 
draw the Line AF perpendicular to F B. | 

Secondly, Out of your Dial-Plain Figure XIII, take V H the Ax# of the 
Horizon, and put it into your Tr720z, from A to B, and draw the Line A B, 
and that ſhall be the Axis of the Horizon. 

Thirdly, Our of your Dial-Plain, (from the Point V ) take the diſtances 
to the ſeveral Interſections that the obſcure Az:murh Lives make with the 
Horizontal Line, at the Points 10, 20, 3o, 40, 5c and 66 from H the Azimuth 
of the Plain, and et thoſe diſtances into your Tri20n, from A, upon the Line 
FB, drawing the Lines F B, F 10, F 2o, F 3o, F 40, F 5oand F 6o, —- 
And now your Trigon being prepared, you may ealily inſert the Circles 
Altitude \nto your Reclining Declining Plaiz, as followeth. 

Fourthly, To inſtance in the Parallel of 20 deg, of Altitude from the Inter: 
ſetion of the Line of 20 deg. of Altitude in the Trigon with the Line AB, 
take the diſtance to A, which diſtance ſet upon your Dzal-Plain from V, 
upon the Line V H of your Plain, and it ſhall reach from V to a, fo ſhall 
be one Point upon the Vertical Line V H, through which the Parallel of 20 


deg. of Altituae ſhall paſs —— Alfo, - 


Take with ſe & + ſro? Azimath on 

ake with your Compaſſes | A 20 1 <0 / 

the diſtance from A, to A 30 [ns ſetting that 70 " h "__ o 
the Interſeftion the? A 40 T eng f FR 40. > H þ 41? 
20th. Perallel of Alti-| A 50 Fo 2x 29 V, JO yn. " 
Inde with the Line Lal TC 60 , Rags 


_— 
WJ 


wn Ke. Oh. wu 


FO 


I OL. 


| Points 


A 70, 70 J 


=, 


>0 


Through 
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Through which Points, if you draw a Line with an even hand, fo that 


it may make no Angles, the Line hg fedchbabedef, fo drawn, ſhall 
be the Parallel of 20 deg. of Altitude upon the Plain : And in this manner 
may all the other Parallels of Altitude be inſcribed into the Plain ; As in 
Figure XIIL And 


Of theſe Circles of Altitude inſcribed upon a Weit Reclining Plain, where 
the Azimuths are put in according to the Points of the Compaſs, and the 
Circles or Parallels of Altitude according to the Proportions of Shadows 
to their hcights, you have an Example 1n Figure XIL 


CHAP. VII. 


Of the Domifying Circles, commonly calle4 the Circles of Poſi- 
tion, and how to inſcribe them upon all ſorts of Plains, 


Heſe are Great Circles of the Sphere, and therefore (by theT. Af- 
feRion) they will be ſtreight Lines; Their ſituation in the Sphere, 
is at the common interſeRion of the Meridiax with the Horizon, and are 
reckoned, according to the Rational way of Regiomontanus (as the Aſtrolo- 
gers term it) from the Meridian downwards to the Horizon, at 3o and 
60 deg. which with the Meridian and Horizon are the Caſpis of the Six 
Celeſtial Houſes above the Horizon, ſo that theſe Circles being inſcribed 
upon any Daal-plain, it may be known in which of the Twelve Houſes 
the Sun at any time is, and in what part, how near or far off of the 
C:ſpiss They are Great Circles (as I faid before) and their manner of 
ia{cription is very ealze | 


SECT. I. Upon the Horizontal , diret Fa$t and We$t, and 
Eat and Weit Reclining Plains. | 


Bring all theſe ſorts of Plains under one Head for this Reafon, becauſe 
in all theſe Plains they are Parallels, as the Hour-lines- are in Baſt, 
Weſt and Polar Plains. * : 

1. In Horizoata! Plains, They are thus eafily inſcribed : For, if through 
the common interſe&tions of the Hour-lines of VIIT and X with the Equi- 
noQtial, you draw Lines parallel to the Meridian or Hour-line of XII, 
thoſe Lines ſo drawn ſhall be the Cuſpis of the XII and XI Houſes, — 
The Meridian i the Czſpis of the X Houſe. And the two other Lines 
drawn parallel to the Meridian through the interſetions of the Hour-lines 
of IT and IV with the Equinottial ſhall be the Capris of the IX and VIII 
Houſes And laſtly, the Eaft and Weſt parts of the Horizontal Line 
are the Cuſpi of rhe Firſt and Seventh Houſe. 


An Example of an Horizontal Dial with theſe Circles inſcribed upon it, 
you have in the Tenth TraQate hereof, Page 226. 


2. In Eaſt and Weft Plains, the Circles of Poſition will be Parallels to 
the Horizon, as in the Horizontal they were to the Meridian ; And the 


magtiier 


39 
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Figure manner how to inſcribe them into theſe Plains, is thus. Upon the Qua. 


IL 


drant QE L Figure II. ſet 38 deg. 28 min. 'the Complement of the La. 
titude from E towards L, and laying a Ruler from Q to that point, it 
will cut the Horizontal Line of the Plain in», ſo is Q » the Secant Com. 
plement of the Latitude, which muſt now be made a Radiws, and fo 
placed from the point E [the foot of the Perpendicular Stile ) upon the 
Line EG extended, viz. to Q, that it may be perpendicular to the Equi. 
noQial ; fo ſhall the EquinoQtial be a Tangent Line thereto, and the Tan- 
gent of 3o deg. ſhall give the point o, and the Tangent of 60 deg. the 
point p upon the Equinottial, through which points o and p two Lines be. 
ing drawn parallel to the Horizon, they ſhall be the Czſp:s of rhe XII and 
XI Houſes : As in Figure II. | 

. Upon Eaſt or Welt Recliners : In theſe Plains, the Perpendicular 
Stife being made the Radiws, find the Secant Complement of the Stile's 
height, and make that a New Radius ; So ſhall the Tangents of 3o and 
60 degrees ſet upon the EquinoCtial Circle give points, through which ro 
draw the Cxſpis of the Houles, which mult be parallel to the Meridian or 
Horizontal Line of the Plain. 


SECT. II. Upon North and South Plains, both Direct and De- 
clining, Upon all Dire North or South Reclining, and upon all 
North and South Declining Reclining Plains. | 


NE general Rule will ſerve for the inſcription of theſe Circles into 
theſe ſeveral ſorts of Plains, for here they meer in a Cente which 
Center is the Common InterſeQion of the Meridian and Horizontal Line 
upon the Dial, and the diſtance of the Cſpis being 3o and 60 deg. upon 
the EquinoQtal, which are equal tothe |" 0"ngy hour diſtances of 8 and 
to, and of 2, and 4 a Clock from the Meridian, therefore you have no 
more to do, but ro draw right Lines from the Common InterſeQion of the 
Meridian with the Horizon, through the InterſeCtions of the Hour-lines of 
2, 4, 8 and 10 a Clock with the Equino&Qtal, and thoſe Lines fo drawn ſhall 
be the Domifying Circles required. Examples whereof you have in ſeveral 
Figures belonging to this 'I raQtate. 


As in an EquinoQtial Dial Figure IV, where the Pricked Lines ſhew 
the Cuſpites of the XII, and XI Houſes, the Meridian is the Cufp 
of the X. And the other two Pricked Lines the Cuſpiſes of the IX 
and VIII Houſes. 

Alfo in a Dire& South Plain in Figure V. repreſented by the Pricked 
Lines in that Figure. 


Likewiſe, in a Declining Reclining Plain , Figure VIL, Aad 
Laſtly, In a South Declining Plain, Figure XI. 
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Of the Me-idians of other Countries, and how to inſert them 


Þ. VviD s 


into any Sun-Dal. 


T is eafie to inſert the Meridian of any other Country into any Sun-dial 

made for,any other Country, if firſt you know the difference of Longi- 
tude between the two Countries, in'Time; and alſo, whether the Remote 
Country lie Eaſtward or Weſtward from the Home Country : For, 


' Tf rhe Remote Country lie 3 far & of the Home Country, it is Merj- 


lim or Noon-tide 3 | wang & in the Remote Country than in the Home Country, 


As for Example, Suppoſe that in a Sun-dial here at London, I would inſert 
the Meridian or Noon-tide of Conſtantinople. By the Tables of the lateſt and 
belt Geographers, the Meridian of Conſtantinople lies Eaſtmard of the Me- 
ridian of London, 3o deg. 45 min. which converted into Time (by allow- 
ing 15 deg. to one hour, and 1 deg. to 4 minutes of time) is 2 hours and 
15 min. that is 2 hoursand a quarter, Wheretore, if you ſubſtra& 2 hours 
15 min. from 12 hours (becauſe Conſtantinople lies Eafward of London) the 
Remainer will be 9 hours 45 min. or 3 quarters of an hour, Wherefore, if 
(upon any Dial here at Loxdon,) upon the Hour-line of g and 3 quarters, you 
write the Word (or make ſome mark for) Conſtantinople, the Shadow of 
the Stile of the Dial, when it ſhall fall upon that Wordor Mark, you may: 
conclude it to be Meridian or Noon-tide at Conſtant inople and knowing} 
at what time with Us it will be Noon to Them, it is cally known what hour; 
it is there at any time here. | 


| " Hom Ei I5 ) 
5.8 15 
I & D | b Fes = 
7S |, | 9815 a ; 
8» |&.| 10815 | + In ſome of the Dials belonging 
g9&>|=2|11 15 | to this" Trattate you- have eve 
10 |& | 12* 15 | Countries inſerted, eſpecially in the 
For if it be IT = I I59 | Declining Reclining Dial 5 Figure 
Landon] 4-12 * '& "WW. ! & Mak +1 ® | 
| I 3 15 | : 
SEESS1: A546 ' And that-the like may be done 
= R . | 
3TÞ|-2| 5D15| for other Countries, here follow- 
4& S | 6 E I5 eth 
}I | / S193! 
* ONS I5 
7 Q g.' 15 | 
L 3 CL - $3 
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A Table of Longitudes, or Difference of Meridians in Time, of 
ſeveral Eminent Places in the World from London. 


YE — 


Places lying Eait of | Sher Places lying Weit of | On 
London. | London, |H. .M. 
Edenborough in Scotland 

Madrid | 
S. Helena In/. 
ons 

anger 
Makrs 
Tenarif 
Cape Farewel 
C. Raze 
| Surinam 
Barbadoes 
Bermudas . WE: 
Boſton 1n New England 
New Tork | 
Port Royal 
James Town 
Careleton Inf. 
Charle's Town 
Mexico 
New Mexico 
P. Sir Francis Drake 


.———_—_ 


Paris in France 
Amſterdam in Holland 
Copenhagen 
Stickhoks 

Cape of Good Hope 
Rome in Italy 
Venice 

Dantzick 
Cracovia 
Conſtantinople 
Caro 

Teruſalem 

A in Spain 
Muſcon' © 


2 
16 


| 


O 
O 
(s) 
I 
I 
I 
I 
I 
I 
2 
2 
Ws - 
2 
2 
3 
3 
5 
5 
5 
7 
9 
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It may be now expeRted I ſhould here further ſhew how ſome other 
Aſtronomical' and Geographical Concluſions might be inſerted into Sun-dials; 
As the Signs Aſcending , Deſcending and Culminating ; The Horizons d 
other Coantries, &c. But I do here purpoſely omit them, for that u 
the Ninth Trafiate hereof, the' manner how to inſcribe ſuch Furnitare, 
not into Regular Plains only , but into Irregular alſo, as into Concave, 
Convex, or mixt of both, is treated of at large : And ſo *'I conclude this 
TRACTATE. 


The End of the Fourth TRACT AT E, 


HOW 


'W 


HOW THE 


FURNITURE 
SUN-DIALS: 


May be Inſcribed upon all Sorts of PLains, by 
' the ScaLEs of 


NATURAL 


TANGENTS and SECANTS. 


The Fiſth TRACT AT 


E. 


PROEME. 


Y the Stales of Chords, and Natural Tangents and Secants, the Ra- 
| ler mentioned in the Firſt TraQtate, Page x5. Figare IT. All 
FURNITURE may be inſcribed upon all forts of Plains ; but 
as they are there Graduated upon a Strait Ruler, they are only 
ſerviceable to that Radius to which the Scales are made. But being (as 
in the forementioned 15th. Page is intimated) put upon a Sefor, with an 
opening Joynt, they will be applicable to any propoſed Radziwe, as in the 
ormance of almoſt, all the Work in this Traftate it will be required 

0 to vary. 

And further note, "That if a Line of Equal Parts (which Mr. Gunter, de- 
ſervedly, calls the Line of Lines) be alſo put upon{ſuch a Joynt-Ruler it will 
by the help of the Tables of Natural T angents and Secants (brief ones where- 
of follow in the next TratZate) ſupply the uſe of the forementioned Scales, 
and in many Cafes much better, eſpecially when the T angents or Secants of 
many degrees (as above 70, &c.) are required to be laid down upon any Line. 
I thought good to. give intimation hereof in this place, becauſe of the fre- 


quent uſe that will be made of thefe Lines or Scales for many purpoſes 
hereafter ſignified, 


CHAP. 
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CHA E.;;b; 
p Of Proportioning of the Stile to the Plain. 


"Oraſmuch as by the Eighth Afettion, - Chapter I. of the foregoing Tra- 
ate, it is not the whole Szzle or Axis of the Dial that gives the Shadow 
to theſe Parallels, Azimuths, &c, Burt fome one Point therein aſſigned ; good 
conſideration theretore ought to be taken , that that Pozzr be fo choſen, 
that it may continue caſting its Shadow upon the Dial-plain, as long as con- 
venientty may be, and not taken at ſo largea diſtance trdm the Center of the 
Dial, as to caſt its Shadow off of the Plz, fo that the Lines drawn there- 
on, Wili be of no uſe, the Apex which ſhould point to them, being remote 
from then, and taſting its Shadow upon ſome other Objett beſides the Plain-— 
On the contrary, T his P4xt ought nor to be choſen 1o near the Certer of the 
Dial; fo that the Lines or Sefrons drawn upon the Dzal ſhall run ſonear (or 
be crowded) together, that at apy.competent 4/faxce of place they cannot 
be diſcovered. Theretore, that this. Pont may be juaccially choſen, obſerve 
theſe following Drre&10ns. 
tr. It your Plaiz be ſmall, conſider whether it be Dire#f, or Declining, and 
if Decliaing, whether »:uch or little from the South or North Points, 
.— 2, It the Plain be Direct, the Saubjtile may beit be placed in the middle of 
the Plain; Bur it ic do decline, then ler the Subſtile be tet on that Sie or part 
which 1s oppoſite ro\ the ow of = epeerry - e. 
. | | Eaſtward 7 \et the Stbſtile 5 Wegt } <. wh 
Ifthe Plaindecline 11/7 p,w..4 F more on thet-Ex# +Side of the Meridian, 
}. The S*bſtile well placed, and room lett about the Edges of the Dzal- 
plain for the Figares belonging to the Honr-lines to ſtand, divide the remain- 
10g part of the Plajz (from the Cexter to the lower Marg#a) into two parts; 
ſo, as that-part next the Cexrer ot the Dial, may be the Tangent of the Com 
plement of the hright of the Stile above the Plain, (or of the new Latitude, 
as by Aﬀetion VI. Chap. 1. of the Fourth Traftatebeforegoing.) And the other 
part, the Targent Complement of the Sun's Meridian Altituge, in the begin- 
ning, of that 1 ropitk which is remotest trom the Cezter of the Dial, ——— 
Now the Raaizs (or Targent of 45 deg.) which is proper to theſe Tangents, 
{hall be the length of the Perpenaicular Stile, and is to be placed in the Point 
of Divifien in the Saubſtile, and muit ttand Per pendicalar thereunto. 


h——_ 


y= 
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Of the inſcribing of the Parallels of the Sun's Courſe in the be- 
gimning of each Sign of the Zodiack ; cr of the Parallels of the 
un's Courſe when the Day i either juSt $,5, 10, 11, 12, 13, 

14, 15 or 16 hours long. | 


S$i2z is the Twelfth part of the Zogazack, and fo contains juſt 3o deg. 

and ſo the Sun paſſing about one of theſe degrees in a Day, the di 
itance between. the beginning of the Sun's entrance into one Sign, and his 
continuance therein to his entrance into the next, 1s about 3o days. 
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A Parallel (according to the general acceptation) is the Sun's Diarnal mo« 


tion day by day;and foraſmuch as there are 47 deg, between the Tropicks, there 


may be deſcribed, upon a large Dzal-plain lo many Parallels, But although 
there are 47 of theſe Parallels, yet in this our Latitude of London, bein G1 
deg. 3o min. we do uſually account (or make uſe of in Swn-Dials) only Nine, 
and thoſe are they which do make the Day from the Sun's Riſing to his Setting 
to be j«t, and equally, either 8,9, 10,11, 12, 13, 14,15 Or 16 howrs long. 

The deſcription of thele Parallels of the Swr's C —_ or Diaurnal Arches) and 
of the Sun's entrance into any of the Signs of the Zoadzack, is effefted by the 
me Artifice; and for the effeting hereof, due reſpe& muſt be had to the 
Sar's place in the Zodiack, and what Altitade he ſhall have at all hours, when 
he enters into ſuch a S722 of the Zgazack, or when his Diarnal Arth ſhall be 
either, 8, 9, 10, 11, &c. hours long, 


Now if you would inſcribe the Parallels of the Sur's Courſe at his entrance 
intoeach of the 12 Szgns, you mult firſt prepare a Table of the Saz's 
Altitude at all hours of theDay(and of halves and quartersalſo if you will) 
And ſuch a TableT have here inſerted, the making whereof,with ſeveral 
other of the like nature ſhall be ſhewed in the Exſuing Trattate, 


_— 


ATable ſhewing what Altitude the Sun /hall have at his Entrance 
into any of the 12 Signs, at all Hours of the Day, In the Meri- 
dian or Latitude of London, 51 deg. 30 min. 


| | Leo | Viroo | Libra | Scorpio| Sagittar. 
Hours | Cancer or or | or or or Capric. | 


| Gemini | Taurus | Aries | Piſces | Aquarius 


| 4. m.|d. m.|d. m.!d. m.jd. m.1d. m.!d. m. 


12 | 62 o| 58 42] 50 olzs8 3o!27 1|18 18|15 o 


1 1/59 43|56 34|48 12|36 58|25 4o[17 6|13 52 
10 2153 45,50 55]43 12132 37/21 5i][13 3810 3o 
| 9 3 [45 42|43z 636 oj26 7|15 58|[ 8 12| 5 '15 
8 4136 41134 1327 5118 81 8 ot 3 3} 

7 5127 17|24 $6|18 n8| 9 17] © 6 

6 |18 11|15 20 9 o[o o! 

5 7] 9 32] 6 50 | 

S013 9 


This Table being thus Colleted, you are to note, that in all dire& Horizon- 
tals, the Perpendicular Stile being made Radius (or the Tangent of 45 deg.) the 
Tangent Complement of the Sun's height, (in any Sign of the Zodiack, ' or in any 
Parallelof the Day's length) atany hour of the day, being ſet off from the foot 
of the Perpendicular Stile, upon its reſpe&ive Hour-linz, will give a Point, 
upon that Howr-lize,through which that Paralle! (whether of the Signs of the 
Day's length) ſhall paſs. And this Work muſt be repeated ſo often as are the 
number of Parallels to be inſerted, and the Howr-lines do require; and thus 
doing, you ſhall have Points enough in each Hour to draw any Parallel by. 

As thus for EXAMPLE : Let it be required to find Points in the re- 
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ſpeQtive Hoar-lines, through which the Parallel of the Sun's Conrſe, at his ep. 
trance into either of theſe Signs, Scorpio or jg ny ſhall paſs. Repair to 
the former Table, where you ſhall find, that the Sz being in the beginning 
of either of thoſe Signs, Scorpio or Piſces, 


: " 288 7 "- 


12 27 Ol 62 59 

I "uy Of the Cl 25 40 boſ 64 20 
k 2 Io the Clock | 21 +5 1 | Whoſe Comple- | 68 

is Altitude a5 — 0, ? to be 15 58 —_ 74 : 

4 8 3 St 27 

5 73 EY. 389 54 


Then having a Sefor, take in your Compaſſes the length of the Perpenas. 
cular Stile of your Dal, and to that diſtance open the Sefor in 45 deg. of the 
T axngents, 2 the Sedor fo reſting, take 62 deg. 59 min. theretrom (which is 
the Tangent Complement of 27 deg. 1 min. the S«z's Altitude at 12 a Clock) 
and ſet that diſtance from the foot of the Perpendicular Stile upon the Line of 
12, and that ſhall be the Pozar there, through which the Parallel of Scorpio 
and Piſces ſhall paſs. — Alſo take from the Sefor the Tangent of 64 deg, 
20 min. (the Complement of 25 deg. 40 min. the 4{rituae at 1 or 11 a Clock) 


and fer that diſtance from the foot of the Perpendicular Stile upon the Hour. 


lines of 11 and i a Clock, and thoſe ſhall be the Points through Which your 
Parallel ts to pals. 
" ow 


of the Perpendicular Stile 


S1 «ron the Hour-lines of 6 


89 5 7 


So they ſhall give Points upon each reſpeQtive Howr-lize, through which 
the Parallel of Scorpio and Pijces muit pal> : And a Line traced with an ever 
hand through thoſe Points ſhall be the Paral*! of the S's Courſe at fuch rime 
as he enters Scorpio or Piſces : and the Apex or Top of the Perpendicuiar Sti 
ſhali, at that time of the year, by his Shaaow cxactly traverie this Line or 
Sefton. And inthe ſame manner, as the Points for this Parale! were tound, 
and its Line drawn, fo mult all che reſt be drawn alto. 

Now generally, in Vertical Dias Declining, as allo in fuch as Recline alfo, 
that is to ſay, upon all Pl/xizs whatſoever, (as is intimated 1n the Sixth Afe- 
Hien aforegoing) draw an Horizontal Dia! proper for the Plain, and inſcribe 
the Signs or the Parallels of the Length of the day upon it, according as is be- 
fore direQed, by ſetring off the Tangent Complements of the Sun's Altitude 
from the toot of the Perpendicular S:ile, upon the Heur-lines (the Perpenaice- 
lar Stile being always made Radizs) and at the ends ot theſe T anzenrs ſole 
off upon every reſpective Howr-line, will be a Poins, by which Points, Lines 
drawn with an even hand ſhall be the Parallels delired. This Horizontal Dis 
being drawn in obſcure or gccal; Lines, when the Work 15 done may be ex- 
punged, and the true Howr-lizes belonging to the Plaza, as allorhe Parafels ol 
the Sun's Courſe betore found, may only remain, tor they will be che fame, a 
if they had been 4rawz from the proper Howr-lines belonging to the Plun, 
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Nate, In the tollowing Tractate there are Tables Calculated for :'t2 ready 
deſcribing ot obſcure Horizonte! Dial; upon 21! Plains, and ally Tab: 0: 
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the Sur's Altitude at all hours (in diverſe Latitudes.) And an Example 
of an Horizontal Dial with the Tropicks of Cancer and Capricorn you 
have inthe Ninth Trattate, Page 220 Alſo you havean Example 
of an Ere& Dire Eaſt Dial, with the Parallels of all the 12 Signs u 

it, in Chap. 2. Pag. 115 and 118. Figure I, of the Fourth Trattate; And 
two other Examples of Plains with the Parallels of the length of the 
day upon them ; One is a Polar Dial, Figure 1. the other is a South Dal, 
Figure IX, of the Fourth Trattate. 


CE —— 
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Of inſcribing the Vertical Circles, ( commonly called Azimuths ) 
upon all forts of Plains. 


Zimuths are great Circles of the Sphere, whoſe Poles lie in the Horizon, 
A and do interſect each other in the Zenith and Nadir Points of the 
Heavens The whole Horizon is divided by Mariners into 32 equal 
Parts or Points, which they call Minds or Points of the Compaſs and deno- 
minate them by North, N by W. N NW. &c. every Point containing 11 
dcgrees a.id a quarter This is their way of accourting, but the Account 
uſed by Aftro:omers and __—_ 1s more natural, and that 1s by 10, 20, 
30, 40 degrees, &c. to go deg, from the Meridian, both ways, towards the 
Eait and We#, , 


How to inſcribe theſe into Dial-Plains. 


SECT. I. In Horizontal Dials. 


"F *Heſe Plains lying parallel to the Horizon, and theſe Azimuths being 

Great Circles,they (by the 1. Aﬀettion) being Projetted upon ſuch Plains 
be.ome Streipht Lines, and (by the 2. Aﬀettion) bec: uſe theſe Plarns lie Per- 
2-naicular rothele Circles, in the Heavens, theſe Lines projetted, ſhall all meet 
:2 a Cexter at equal Angles (which Cezter is the ſoot of the ? endicular 
Stle,) Wherefore, making the foot of the perpendicular Stile rhe Center, 
6&f:ribe thereon a C:rcle upon the Dzal-Plain, and thereon ſet off (both ways) 
from the Meridian ſuch Arches,cither 11 degrees and a quarter for Points of the 
Compaſs, or 10, 20, 30, 40, &e. degrees for the And von upon the 
Horizon ; Through theſe Diviſions, right Lines being drawn from the foot of 
the perpendicular Stile ſhall repreſent theſe Azimaths upon the Plain. 
An Example of an Horizontal Dial with the Azimuths upon aþ 4 vm 
to the Mariner's Accgunt by Points of the Compaſs, you have in the Niat 
TraRate following, Page 220. 


SECT. IL. In Upright South or North Dials. 


Heſe Plains lying Parallel to the Vertical Circles in the Heavens, are (by 
the 2. Aﬀettwn) right Lines, parallel one to the other. And to inſcribe 
thein into theſe Plains, you muſt — Through the Foot of the cular 
Stule, draw a Line Parallel tothe Horizon, and making the 
2 Raazus {or Tangent of 45 deg.) Upon this Line from the Meridian (on both 
lides) fer off the Texgents of 11 deg. and a quarter, 22 deg, and a half, &<c. 
for 


LS 
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for Points of the Compaſi, or the Tangents of 10, 20, 3o deg. &c. which beſt 
liketh you, Now, it through thelſe points you draw right Lines perpendicy. 
lar to the Horizontal Line they will be all of them parallel one to another, and 
allo parallel tothe Meridian or 12 a Clock Line of the Dial, but at unequal di. 
ſtances ohe from another, according as the Tangent Line increaſes; And theſe 
Lines thus drawn, {hall be the Azimuth Lines proper to thoſe Plains, 

An Example ot a Dirett South Dial with Azimuths drawn upon it, you 
have in Figure V. and a Direct Eaſt Dial with Azimuths you have in Fi- 
gure II, of the Fourth TraQtate. 


SECT. III. In Vertical (or Upright) Declining Plains. 


HE Azimuth Lines here are alſo parallel cne tqaanother,and muſt be in- 

ſerted 1n all reſpetts as in the former Plains, from the Meridian of the 

Plain (it you will) or from the Merid:az of the Place, but then, juſt allowance 

mult be made for the Difference of Meridians, or (which is all one) for the 

Difference of Longitude betrryeen the Meridian of the Plain and the Deridian 

of the Place. 

An Example of a South Declining Plain, with Az:muths drawn upon it 

you have in Figure IX. of the Fourth TraQate. 


SECT. IV. In Declining Reclining Plains 


"T "HE Perpendicular Stile being choſen, and madethe Radius (or Tangent 

of 45 deg.) Take the Tazgent Complement of the Plain's Reclination,and 
ſer 1t from the toor' of the perpenarcular Stile,ro the Meridian of the Place,which 
point {hall determine rhe Zenzth of the Pace upon the Plazn, through which 
point, and the Foot of the perpenaicular Stile (which is the Zenith of the Plain,) 
a riot Lin? drawn ſhall be perperaicular to the Horizontal Lire, and ſhall 
(when drawn) concur with the Equator in the Heur-line of Six (it you have 
not committed ſome former error.) Now therefore, if from the Foct 
of the perpenaiculir Stile, upon this Perperaiculir, you fer off the Tanzent 
the Plain's Reclination, a Line drawn trom the end thereot at Right Anzhks 
unto it, that Lize (fo drawn) ſhall be the Horizontal Line, upon which Lea, 
the Tangents of 11 and a Quarter, 22 anda half, c:. for Points cf the Com- 
paſs, or of 10, 20, 3o, &c. arorees (the Sec1xt of rhe Plains Reclination being 
now made Raaiws) being ſet from the faid rizht Angle, Lines drawn from 
them to the Rentth of the Place, ſhall be the Azmmarhs required, Ancd 
becauſe theſe Declining Reclining Pliins do lie cbliquely ro the Azimuth or Ver- 
tical Circles in the Heavens, therefore (by the tormer 2. 4fedtion) though they 
be Strait Lines, anddo meer in oze Center, namely in the Rextth of the Plain, 
yer do they meer at wnequal Angles, 

The Examples in the Fourth TraQare of Reclining Plains with Azimutts 
deſcribed upon them are (1.) A Polar Plain, Figure I. —= (2.) An 
Eatt Reclining Plain, Figure XII. And (3.) A Declining Reciining Plain, 
Figure XIIL. 


Note here, That if the diſtance between the )Merraians be known upon tit 
Horizontal Line, the Azimauths Which were accounted trom the Meri 
ain of i: Plain, may be fitted ro Account es trem the eriaien of ri 
Place, with cafe. For, Let tle G:tarce be the Tangent of rae 20 
deg.thenthat Azimwrb which is 10 deg.irom the c#2,is 1c £E2.170m nt 
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other alſo; Anchat which is 3o deg. on the fame. {ide of the Sub- 
ſtile is 10 deg, . the other ſide of the Meridian of the Plate. The like 
is to be obſerveor any other diſtance. | *F 


, 
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Of inſcribing of »» Almicanthar , (commonly called Circles or 
* Parallels, of # Sun's Altitude) upon all ſorts of Plains. 


Lmicanthers Circles of Altitude , are leſſer Circles of the = and 
therefore (t the 3. Afﬀetion) being deſcribed upon any Plair which 
lies not parallel] to ie Horizon of the Place become Conick Seftions Theſe 
Almicanthers may.ot improperly be called Paralels of Declination from the 
Horizon, they havg in all reſpetts the ſame Habitade, Relation or Aﬀettion to 
the Horizon, whic the Parallels of the Signs or of the Sun's Courſe have to the 
Equinodtial, to wkhthey are Parallel, And therefore (as in the deſcribing 
of the Signs or P:alle/s of the day's length) An Horizontal Dial proper for the 
Plain, being firſt obſcurely) delineated, as was (in the II. Settion) ſhewed, 
that the Points ttough which the Signs or Parallels ſhould paſs upon every 
hour, might be otained by applying the Tangents of the Complements of the 
Sun's height at thſe hours in thoſe Parallels, from the foot of the Perpendicular 
Stile upon the repeQtive hours to which thoſe Alritudes did belong. { 
Now to find rhat Altitude the Sex ſhall have he being upon any Azimuth, 


—- 
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: ſhall be hereaftr taught in the enſuing TraQate, where ſeveral Tables there- 
h are Calculard for divers Latitudes; Notwithſtanding, I will here inſert 
4 | n OO reintarnge—y— 
« 4 Table þewing what Altitude the Sun ſhall bave in the be- 
: ginning of each Sign, upon every Tenth Azimuth. 

b WET. | Gemint | Taurws | Aries | Piſces | Aquar, Fon 
p, Azimuth | Cancer KS. =2 | or or or {| or Capric. 

y Leo | Virgo | Libra | Scorpio \ Sagitt. | 

F d 'd. m.|d m. | d. m.|d. m.|d. m.jd. m. 
' 

T- South 162 ol 58 42150 -0|38 30|27 o| 18 18115 O 
ry to |61 43|58 24|49 38] 38 4126 zol17 45| 14 25 
is, 20 60 51157 28148 33] 36 46125 9116 512 41 
z Jo 159 92135 $2149 4ol34 34122 271183 151 9 49 
\ 0 
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Your ble being thus prepared, and your Dial obirely drawn, You are 
to make uſe of that Azamath which is perpendicular your Plain (which in 
all Plains is that which paſſeth through the Foor ofe Perpendicular Stile) 
but all the other A=4murhs alſo being inſcribed obſcuy, the Tangent's Com. 


plement of the Sun's height above the Plain, when hein any Azimuth, ap- 


\ Plied from the foot of the Perpendicelar Stile, upon t reſpetive Azmmuth 
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givesa Point, through which that Almicanthar or Cir, of Altitude upon that 
Azimuth muſt pals. 

An —_— of an Horizontal Dial with the Almicters or Circles of Al. 
titude, (as they are proportioned to the height of Peendicular ObjeQs to 
their heights) you have in the Ninth Trattate, Pag22o. And another 
(viz. an Eaſt Reclining Plain) with the like Circles oAltitude upon it you 
have in Figure XII. of rhe Fourth Trattate; And upc a South Declining 
Plain in Figure XI. of the Fourth TraQate; And laſt] upon a Declining 
Reclining Plain in Figure XII. of the fame Fourth TRare. 
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Of the Babyloniſh Italian and Jewiſh hours, and how to de- 
ſcribe them upom Sun-Dials. 


Do couch theſe three under one Head or Table, for tht the manner 

their Inſcription into Sex-Dials is much after the ſfamenanner, and be- 
I are Hour-lines, ſo Great Circles, and therefore, beiry deſcribed upon 
a Plain, they become by (the firſt Afetion) Strait Lines. 


SECT. I. For the Babylontſh hous, 
| 'HE Babyloniſh hours are accounted the equal hours from he Suz's Riſing, 


for at what time ſoever, at all times of the year,the Sun zppears ar riſes, 
above the Horizos, that is the firſt minute of their day. Theſe doar-lines may 
de inſcribed upon any P{aziz by help of thoſe two Par=/e!s, whicy do ſhew the 
Lengei? and Sharteit Days, conliiting of equal or entire hours in .ength in any 
Latiivae, as. here in the Latztude of Lowdon 51 deg. 32 min. the ſhorte#t day 
conliiting of Equal hours is that day that is juſt 8 hours long, ani the Longes 
Ds in that Lazzruae is that which 1s juſt x6 hours long. By h:1p of the Pz- 
raltels of the Sax's Courfe for theſe rwodays, and the Equimetiy, all the Bah 
lonijh howrs may be drawn upon any Plaiz in manner toſlowing. 
—_ : - It is evident, in this Ls 


| | 
[ | ; ht ber hg + tude, that when the day is $ 
"RY Tub I "Tuba : hours long, the Sun riſes at $ of 
— | —| ——  —  f the Clock in the Morning, the 
JEU 1 1 NY W/E > J! at 9 a Clock the Sua hath been 
KEE wo |, Þ | 6 [14 © 2] up Oz: hour When the 
ms 3 » I G 1 
ET +| 12 | 16 8 [16 70 A! i RS _ ep 
—_ = ; 
ER $0 2127 TNEEE $þ harh been up juſt Oe hour— 
-44 43 38” t | 1 Iig TS of Whentheday is 16 hours long, 
SS $ 4 2 | 12 |22>3  $| the Sun riſes at 4 of the Clock, 
IS 9 5 3 1 j21 8 ol ard at 5 it hath been up 0s 
WS RW. + 2 [22 10] hour, Wherefore to draw 
FRE SIC a TREES Babyloniſh hours obierve thts 
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Table —— If you draw a ſtrait Line 
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the hour 9 in the Parallel of. 
$ hours, through the hour 7 in the Parallel of x2 hours, and through 5 in the 
Parallel of 16 hours, that right Line (for ſoit will prove to be, if you have 
committed no former ertor in the reſt of your work) ſhall be the Firit Baby- 
loniſh hour. Again, 


| $ Ld ioeh., 
A Line drawn through "o Shall be the Second Baby- 
Lin denn 02h ICs the rae of $12 de the Second Baby 


And fo of all the reſt as in the Table above. 


Note, That in Winter time,when the P4ralel of $ hours ſhall fail, the other 
two Points of 5 in the Parallel of 12 and of 3 in the Parallel of 16 wili 
ſerve to draw the ſeventh hour from Sun Riſing, becauſe they be ſtr 
Lines. And after Six hours are drawn, you ſhall hind the EquinotFinl 
(or Parallel of 12 hours) will fail you, wherefore, ſome- other Diurnt/ 
Arch, as of 9 or 10 hours, muſt be inſerted to ſupply that defeQ.- 


SECT. 1I. For the Italian Hours, 


PHE Italian hours are accounted fronh the precetling Sax Setting anda 


numbred by 1, 2, 3, 4, &c. from B84 Setting —— To inſcribe t 
hours, the ſame two Parallels of 8 and 16 hours, as alſo the Equizo##ial or 
Parallel of 12 hours will ſerve to inſcribe them, and alfo the ſame Points in 
theſame Parallels,and the former Table will ſhew you through what 3 Points 
each hour is to be drawn —— For a right Line drawn = 


5 1 16 
Tiroagha 7 of the Morning, in the Parallel of 3%; 2 CShal be the hour of One, 
g . 8 ; 
Likewiſe, (obſerving the ſame order as before) 


J 16 | 
Through 5 the Afternoon, inthe Parallel of ; I 2 Shal be the 23d hdut.' 
7 | «\ | , 
The Night hours g, 10, 11, &c. are the Morving hours produced. - 


An Exaniple of a Direft South Dial, with borh the Babzlonift 41'T dit 
hours upon it you have ini Figure X. of the PA TE Rege Ant its i 
of rhe fare upon a Polar Dial, Fi re I. ant alt of therti upon ar ifidQi 
Diat, Figure IV. of the Fourth rattate, m | 


SECT. HI. For the Jewiſh Hours. 


, ; d- FR \ 
T was the Cuſtom of the Ancient Jews to divide their Da, as alſo their 
Night (whether long or ſhort) into 12 equal parts ; beginning their De at 
Yun Riſmg and their Nizht at the Saur's Setting, fothat our 12 of the Clock at 
Noon,was always their Sixth hour of the Day,and our 12 at Night was always 
their Sixth hour of the Night, and according to this Diviſion were their Dials 
made; So that all Summer long, when the Sun is in Northern Signs, the Jewiſb 
"urs of the Deyare longer than their hours of the Night; and all the Wizter, 


while 
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while the Sunis in the Six Southern Signs, the hours of their Nig ht are longer 
than the hours of their Day; But when the Saz is in the Equinodtial, the hours 
of their. Day and Night-are Equal, and the ſame with all other. Nations, 

The manner of inſtribing theſe Hoar-lines into/San-Dials is not much diffe. 
rent from the inſcribing of the Babyloniſh and Italian hours, 

Wherefore, having drawn the true Hoar-lines upon your Plain, with the 
Half hours, and Quarters (which in this caſe is neceſſary to be done) deſcribe 
thereupon alſo the Two Tropicks, and the Equinottial ; Which being drawn, 
Make choice of two Parallels of the length of the day,. which muſt be either 

R of them equidiſtant trom the Equin. 

| | #&4ial oneither Side thereof, which let be 

The Paral-} the Parallels. of 9 hours, and 15 hours, 
lel of 9 one being 3 ' hours /eſs than 12 hours, 
hours. and the other 3 hours »ore than 12. In- 
| {cribe (obſcurely) upon your Plazz theſe 
H M | two Parallels of 9 and 15 hours (they be- 
ing the moſt convenient for this pen 

12] becauſe the Jewiſh hours will fall (in theſe 
©] twoParalels)juſtly upon the howrs, halves 
4 3 and Quarters of the £07107 Hour-lines, 
30] and fo will the Jewiſh hours ( by that 
13] means) be the caſier drawn. Now ths 
©] Points through which every one of the 
45] Jewiſb hours muſt paſs, this little Table 
30] plainly ſheweth, wherein you may ſee, 


The Paral- 


-| lel of 15 
hoars. 


— 


= 50 cow | [Eyounby 


through 5 hovrs 45 min. (or 5 hours 3 
uarters) in the parallel of 15 hours, 
through 97 hours in the Equinozal, and 


| 45 
be 


E that the Firſt Jewiſh hour muſt be drawn 


\. «f through 8 hours 15 min. (or 8 hours and 
a quarter) in the Parallel of 9 hours ; This Line thus drawn through theſe 
3 Points, ſhall be the Fir# Jewiſh hour. 

In like manner, a Line drawa through 


h. m. De. 


O | I | 

; obs the Parallel oy 26 Shal be the Second Jewiſh hour. 

© 

And ſo all the reſt, as in the Table. Our 12 a Clock being their Six a Clock 

and the reſt in order from Sx Rifong to the Saur's Setting. RR 
An Example of an Upright ining Plain, with the Old Unequal or 
ewiſb hours upon it, as alſo of all the Parallels of the day's length at equal 
ours, you have in Figure IX. of the Fourth Tractate. : 
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To the Two Foregoing £ 


RACIATES 


Concerning,the Form of the PARALLELS 
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DECLINATIONand ALTITUDE 


And other LINES of the FURNITURE 
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SUN-DIALS: 


hich when they are neither. Rizht Lines nor 
Arches of Circles, but Conick Seftions, to know at any Time, 
and upon any Plain, what Sedion the Shadow of the _ 

er 


or Point of the Gnomon traceth out upon the Plain, whe 
it be Parabolical, Hyperbolical, or Elliptical. 


TAVING in the two foregoing TraQates taught ſevetal ways 
how to inſcribe the Parallels of the Sur's Courſe, the Azimaths, 
Almicanthars, Babyloniſh, Italian and Jewiſh hours upon all Diat- 
Plains, as being things of moſt frequent uſe, yet in the following 

Nth; Traftate, is ſhewed how Dzal-plains may be furnifhed with other 
arieties,as of the Signs Aſcending, Deſcending, and Culminating, the Horizons 
Wt other remoter Countries, and ſeveral other Gnomonical Conclufions; - 
Having, I fay, there ſhewed the manner how to inſcribe the foremen-- 
oned Spherical Lines of the Sun's Courſe upon Dial-plains : It remains now 
at I ſhould fay ſomewhat concerning the Form of theſe Parallels wheri 
ey are deſcribed upon -Dial-plains, which , when they are not Circles 
Strait Lines (as under the Poles ) they are all, and always, Conc 
ions, as js demonſtrated by Mydorgius , in the 34. Prop. of hiis Bo6k. 
ut to paſs by his Demonſtrations (as not at all proper for this, place, this 
ing a Book of Prafice and not ſo much of Demonſtration) it ſhall be here 
wed, how, at any time, or place, it may be known what Settior' tlie 
Rr Shadow 


TT% Of the FURNITURE 

Shadow of the Apex.or top of the Gzorpon traceth out upon any Dial-plain: 

And although this be not abſolutel for the Diallit to mu 

= w_ the knowledge hereof he may make and finiſh his Dial, a; 
For ſhe Illyftration che \ Nature of theſe Parallels of Altitude , _ 

the Sas Codrſe upott Dizlplains ; 1 ſhall deliver Three brief Rules, which 

are proved by Aquilonius in the $34 Prop. of his Sixth Book of Opricks, 

which Rules follow. 3 0 GO | 


yy RET ©, 5 3 V7, TO "Ee 
Whew the San is is any Parallel, if the Plain of the Dial be Parallel ty 
'# Great Circld of the Sphere, which toucheth the Parallel, and the 
thereunto, the Profettion of the Shadow of the Apex ſhalt be i 
PARABOLA, 


RULE IL 
If the Dial-Plain oppor hr to a Great Circle which cuts_ the Pa- 


rallel, «»d the oppolite thereunto , the Shadow of the- Apex runs ja 
& HYPERBULA. 


RULE I. 


If the Dial-plain be Equidiſtant zo 4 Great Circle , which neither Touch 
eth .zor Cutteth the Parallel, the Shadow of the Apex , or Top of 
the Perpendicular Stile ( for ſo is meant all this while) ſhall trace out 
an EL LIPSIS. | 


For Illuſtration of the Three foregoing Rules, bave recourſe to the 
| | following Figure. | 


But firſt it will be requiſite ro acquaint you witha COMNE, and the 
ſeveral Se#ions thereof. 

Firſt then, A CONE (as it is defined by Exclide in the 18th. 19th. 
and 2oth. Definitions of his Eleventh Book) is a Figare made, when one 
Side of a Retangled Triangle (viz. one of thoſe that contain the right An- 
gle) remaining fixed, the Triangle is turned round about , till it return to' 
the place from whence it firſt moved. And if the fixed right Line, be 
equal to the other, which containeth the right Angle, the Cone is A right 
Angled Cone, but if it be &ſs, it is an Obruſe Angled Cone : if Greater, att 
Acute Angled Cone The Axis of a Cone, is that fixed Line about whick 
the Triangle is moved-———The Baſe ofa Cone, is the Circle which is deſcn- 
bed by the right Line moved about. 


Fioure 1. In this Figure, Let A BX C repreſent a Core, then the Cone cut off byz 
5 Line OP parallel to the = A B, the Seton ſo cut ſhall be a Cycle. 
_ 2, If the Cone becut off by a Line KG, parallel to the Axis of the Cone AY, 
the Seton fo cut off ſhall be an Fhperbola, 
3. If the Cone be cut by a Line F D, parallel toany ofthe Sides of the Cort, 
(as F D parallel to A B) the Set#ioz fo cur off ſhall be a Parabola. 
4. If the Core be cut obliquely through the Ax and Sides, as by the Lis! 
NH, the Seition ſo cut off {hall be an Elipfes. 


Where 
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Fig. ll. 


Wherein the outward or primitive Cizck W N ES, repreſents the Genera oo 


Meridian of the Globe. A 


N and S, the Point of Zenith and Nadir. 
W FE, The Horizon. 


EP, 51 deg. 32 min. the heighth of the North Pole, or the Latitude of 


London. 


PQ, The Prime Vertical Ci#cle, and Axis of the World. 

P, The North, and Q, the South Poles. WI} 

AT, The Equinottial or Equator. 

CL, The Echprick, -- 

CY, and XL, The two Tropicks. ' 

BD, An intermediate North Parallel of the Sur's Conrſe or Declination, 


[. Now from the Scheme it is evident, that the Horizomal Dil for the 
Latitude of Londoz 51 deg, 32 min. being equidsſtant to the' Great Circle, or 
Herizon "W E, which cuts the Tropichs, 'and all the Parallels between them 
as that of BD, orany other, is (according to the Pirſt Ra/e) ſach, that the 
Shadow of the Apex of the Stzle ſhal} thereupon, all the year long, trace out, 
Hyperbolas ; but of different kinds, as the Plain ſhall cut ſeveral Parallels, 
more or leſs unequally. | 

IT. But if a Dzal were made parallel to the Ecliptick C L, which only touch- 
eh the Tropicks (and doth not interſeft or cut them) the Shadow of the Apex 
thereupon, when the Sun is in the Tropicks, ſhall trace out Parabolas. 

HE. Ha Plain were equidzftant, not to the Equator AT, butto fomeorher 
Plain as ME K, whoſe Great Circle neither Touches any of the Parallels, nor Cats 
them, the Shadow of the Apex of the Stile there, ſhall always trace out ſome 
Ellipſes, but not always the ſame ; but /eſſer as the Sex or his Parallel a 
proacheth nearer the: Egqaator , and\ grexter in thoſe Horizons which make 
more acute Angles with the Equator ; until (at laſt) the Horizon» W E, and 
the Equator A. T, become co-incident ; And then the Projeion of the Sha- 
«ow made by the Apex of the Stile ſhall trace out a perfect Circle, 
Likewiſe let the Horizon be howtoever ſituate, if che Sun bein no Pardlcl, 
but in the Equator it ſelf, the Projettion of the Shadow made by the Apex of 
the Szile, ſhall be a right or ſtrart Line. 


I ſhall nor here inſert the Demonſtration which Aquilonixs ſeth to prove 
theſe three Rates, but endeavour to make it plain enough —_—— 
. The 
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I. The Sun: in the Southern Sjzns , ſuppoſe the dark Cone CAY in 
North- Latitude, to be cut by. a Plain C A Y, through the Vertex,art A, per. 
pendicalar 'to the Center of the Baſe of the Cope, it gives the Triangle Cay 
for the flat;.and.under: Swperficies of the Semi-Cone CAY Now lety 0 
(which is drawn with a frll Line) be the Horizon, or Dial-Plaix, (for every 
Dial-Plainis parallelto fome Horizon or other, as is before intimated) ang 
lex it be-equids/tart to C A, then the Common Sefton r o (which while the 
Saz-ls is the Jropick X) diſtinguiſheth ( or rather.) ſeparateth, the Light 
phy ang As by the general Definition of a Cone. A Semi-Para. 

«in like fort-might be proved, if the Sun were in any other Parallel, ax 
ſuppoſe in the Paralle! BD, for ſuppoſing the pricked Line r o, to repreſent: 

parallel to B'A, the fame Concluſion follows, from the aid 
general | 


on of 4 Cone. 
I. erm; freer R ©, parallel tothe great Circle or Horizon W FE, 
which cuts the Parallel CY in ©, then (by the faid Definition General) the 


= 
S 


Commons Seftion R ©,, which that day ſeparates the Light and Darkneſs upon 


the Plain, is a Semi-Hyperbola, —— Or, if inſtead of the Semi-Core, cne 
conceive the Settion of the Cone, through the Vertex and Ax:s to be the plain 
Triangle, CAY, and R © a rizht Line, to be only the Diameter of the Se. 
ftion, the thing is the ſame, andthe Seion, (by the 2. Definit. of the Third 
of Mhdorgins) is an Fhperbola, 

III. Laftly, (to avoid confuſion of 'Lizes, aad multiplicity of Schemes) Let 
the Sz be in the Northern Signs, and X AL the dart Coxe, and Z L the Dual- 
Plain, in South Latitude ; equiditant to the great Circle MK, which neither 
cutteth nor toucheth the Parallels; it is evident, that Z L, or any Line equids- 

ſtant toM K, ſhall cut the Triangle X AL, made from a Seftiow from the Yer- 

zex as before," in both the Sides. X A, and. L A, and is therefore (by the 3d. of 
the 3d. Definition of Mydorgius) the Diameter of an Ellipfis, or (by the generd 
Definition of 'a Cone) it is half an Ellipſis And fo, anyother Lize parallel 
to, ZL, andgreater than X L, is the Diameter of a greater Ellipſis, or rather, 
an Elipfis of a greater Cone, which might be made, by producing the Lines 
AX and AL art pleaſure. | 

This that hath been here delivered is (I hope) proof ſufficient, for what 
hath been faid of this matter, and I hope enough to make it intelligible. 


CONNEXION 
TABLES. 


Of divers Kinds, 


- Calculated for ſeveral Elevations of thie Pole (or 
;M Latitudes) very uſeful, and really fubſeryient to- 
-M the ART 

d O F => 

| DIALLING: 

- THE WHICH 


With the TASL E of Natural SINES, TANGEN TS, 
and SECANTS, (hereunto annexed) and a SCALE 
(or SeFor rather) having Equal Parts upon'it 5 The Parallels 
of the Signs and Diurnal Arches, the Azimuths, Almicanters, 
the Fewi/h, Ttalian and Babylomſh Hours, and other FU R- 
NITURE, may eafily (and more exa&tly than by any 
other Means) be inſcribed upon all D:al-Plains whatfeever. © 
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of SUN-DIATL'S 
The Deſcription, Conſtruflin, and Uſe of this Table. 


I. Its Deſcription. 


He Table conſiſteth of Eight Columns; The firſt of which towards 
| the right hand contains the _—_— that the Sun 1s-in,being in any of 
the Six Northern Signs,(viz. Aries 1, Taurus &, Gemini T,Cancer S,Leos, or 
Virgo ne) placed at the head of the Table. And the laſt Column towards 
the right hand , contains the Degrees that the Sunis in, in any of the Six 
Southern Signs (viz. Libre =, Scorpio m,, Sagittarias 7, Capricorn v, Aquarius 
= and Piſces «) which are placed at the foot of the Table : _—— And in the 
other Six Columns you have the Declination that the Sun hath, he being in 
any Degree of any Sign of the Zodiack. 


II. Its Conſtruion. 


The Place of the Sun in the Ecliptick being known, the Declination of the 
Sun from thence may be eaſily deduced,by this following Analogy or Pro- 


portiON. 


As the Sine of go Degrees - 10.0000000 


__—_—_—__ 


I tothe Sine of the Sun's greateſt Declination 23 deg; 31 min. odoobgoy 
So 15 the Sine of the Sun's diſtance from Aries or Libra, 
F 9.512649 


(ſuppoſe 19 deg.) 


To the Sine of 7 deg. 28min. the Sun's Declination, when he 4 
isin 19 deg. of Aries or Libra. | Exg. 113341 


And in the ſame manner may you find that when the Sun is in 13 deg. of 
Taxras or Scorpio, the Sun's Declination will be 15 deg. 48 min. fer?, viz. 1 5 
deg. 47 min. 47 Seconds, &c. 


In what Sign and Degree of the Ecliptick the Sug will be any day of the 
Year may be found (exa@ enough for Inſtrumental Performances) by 
memory, if it be remembred that upon the firſt day of | 


January, February, Mar th, Apr il, My, Jane, 
ys: the Sun 151n ; 
21 Y; 22%, 20%, 217, 205, 19 x; 


Taly, Augnit, September, Oftober, November, Detember, 
| the Sun is 1n hes | | 
is8s, 18 A, 18 m; 17 x, 18m; 1g + 


For if you add the Days of the Month to the Degrees of the Sign that the 
a Sun is inon the firſt day of the Month, the Sum is the degrees of that 

Sign the Sun is in; if the Sum exceed Z6 itis in the following Sign; So, 
y in 


» 
- 
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in the Seventh of oy the Sun will be in 27 degrees of T:urm; Andon 
the Eighteenth of Oobey the Sun will bein 5 degrees of Scorpio, &e, 


III. Its Vſe. 


Seek the Sign that the Sun is in, if itbe a —_— Sion in the = 


of the Table, and the degree of that Sign in the Fir## Column of the Table 
| La#t | C 


and in the Common Section or Angle of meeting of thoſe two you have the 
Declination : So the Sun being m 25 deg. of Leo, ſeek Leo (it being a North- 
ern Sign) in the Head of the 'T able, and 25 deg. inthe firſt Column, arid uns 
der Leo,and againſt 25 deg, by ſhall find 13 13 5. which ſhews that when 
the Sun is in 25 deg. of Leo, he hath 1 3 deg. 13 min. and 5 Seconds of Decli. 
nation : Allo. the Sun being in 17 deg, of Capricorn,ſeek Capricorn (it be. 
ing a Southern) at the Foot, or bottom of the Table, and the 17 deg, if the laſt 
Column, and over Capricorn, and againſt 17 deg. you ſhall find 22 26 22 
ſhewing that the Sun being in 19 deg. of Capricory ; his Declination will be 
22 deg. 26 min. 22 Seconds: And fo of the Reſt, And 


Northern ].. Noeth® <7 
Souther n 182 » the Sun hath Grand Decks 


Note, If the Sun be in a 
nation, 
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A TABLE fſhewing the length. of the Artificial Day 

or Night, the Sun "being in any Degree of the = 
cliptick for 12 ſeveral Degrees of Latitude, v12, 
from 44 to 57 Degrees. 


7 


—_— 


Degrees of Latitude ; Or, Elevation of the Pole. 
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: Degrees of Lotitude ; Or, Elevation. of the Pale. 
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of SUN-DIALS. 
The Deſcription, Conftri&tion and Uſe of this Table: 
. Its Deſcription. 


The Table conſiſteth of 14 Columns : in the firſt towards the Left hand, 
and in the laſt towards the Right hand, you have the Sign and Degree that 
the Sun is1n; and in the other x2 intermediate Columns have the Semi. 
oY and Semi-notturnal Arks, or half length of the Artificial Day or 
Night. 

ow, the Artificial Day is an Arch of the Natural Day, and contains that 
ſpace of time which is numbered from the Riſing of the Sun unto the goi 
own of the ſame; and this Arch is either Equal or Unequal. The mean 
or Equal Artificial Day contains always 12 hours, which evermore happens 
when the Sunis in the EquinotFzal, but when the Sun is out of the fame Line, 
it is unequal, and is then either /oger or ſborter than 12 hours, according as 
the Sun's Arch or Parallel cauſed by the greater or leſſer Elevation of the 
Pole above the Horizon, | 


11. Its Conſtruction. 


The Caxon, Analogy or Proportion, by which this Table is made, is this; + 
The Latitrde of the Place and the Declination of the Sen being known ;— ' 
Let the Letitede be 5 Ar try let the Sx be 1n 19 deg. of Aries; at which 

able 


time (by the former the Sex hath 4 deg. 28. min. of Declination, Then 
the Proportion 15. | 
As the Co-tangent of the Latitude 43 degrees - 9.9696559 
To the Tangent of the Deelenation 7 deg, 28 min. ; 9.t 1747 24 
$0 is the Radixs go deg, . 100000000 
To the Sire of 8 deg. 4 min. IS I9.1 194524 
91479165 


This $8 deg, 4 min. converted into time is 32 min. and is the Aſcenſwnal 
erence (of the diſtznce in titne that the Sun riſes before or after Six: )which 

added to Six hours (becauſe the Sun is in a Northern Sign) makes 6 hours 32 

min, for the Semidiurnal Ark, or half length of the Day. | 


Note, "The Semidiarnal Ark doubled 1s the length of the Day, and that 
doubled ſabſtrated from 24 is the length of the Night, and the Aſcenſio- 
nal Difference ſubſtraQted from Six hours, gives the time ofthe Sar's R- 
ſing, and added to Six hours, gives the time of the Sun's Setting. 


L11. Its Vſe. 


Seek the Sign and Degree in which the Sun isin the firſt or laſt Column, 
and right againſt it (under the Latitude found at the head of the Table) - 
4 
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ſhall have the Semidiurnal Art it the Sign in which the Sun is be a Northern 
Sie, or the Seminournal Arch, if the Suntbe ina Southern Sign. 


Example 1. The Sun being in a Northern Sign. 


Let theSun be in the 1 2th deg.of Gemini and let it be required to know the 
length of the day in the Latitude of 46 deg. Look fot 12 deg. of Geminy in 
the Firſt Column of the Table, and right againſt it (under the Letitude 46. 
deg. found in the head of the Tble) you ſhall have 7 hours 4o min. for the. 
Semidiurnal Arch,and time of theSur's Setting, which doubled is t 5 hours 20 
min. for the Length of the day 50 likewiſe when the Sun is in 23 deg, 
of Leo, in the Latitude of 55 deg, the Semidiurnal Arch will be found to be 7 
hours 23 min. which doubled makes 14 hours 46 min, for the Length of the 
Day. But, | 


Example 2. The Suf being in a Southern Sign. 


Let the Sun be in 19 deg, of Aqzarizs, and let it be required to find the 
Length of the Day and Night, and alſo at what time the Sz» Riſes and Sers 
in the Latitude of 48 degrees, Look for 19 deg. of Aquarius (which you ſhall 
tind in the laſt Columnofthe Table towards the right hand) and right againſt 
it, under 48 deg of Latitude, you ſhall find - hours 11 min. which 1s the 
Seminotturnal Arch, and the time of the Seuzx's Riſing (becauſe the Sun is ina 
Southern Sign)——This Arch doubled gives 14 houts 22 min. for the Lencth 
of the Night. And taken out of 24 hours, leaves 9 hours 38 min. for the 
Length of the day :=— The half whereof, 4 hours 49' min. is the time of the 
Sun's Serting : 


Here followeth 


A TABLE, ſewing what Amplitude, the Sun ſhall have, 
at bis Rifing or Setting, from the true Eaſt or Weſt Points of the 
Horizon ; towards either the North or South : At every whole 
(or _— ) degree of his Declination, Northward or South- 
ward. | 

And for all Latitudes (or Elevations of the Poles) from the 
EquinoRial to 60 degrees. 
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The Deſcription, Conſtru&ion and Uſe of this Table. 
I. Its Deſcription. 


The Tables being in number Six, do each of them contain Eleven Co. 
lumns, the firſt whereof towards the lett hand contains the ſeveral degrees 
of the Sun's Declination from 1 deg. to 23 deg. 31 min. and at the head of 
each Column are the ſeveral degrees of Latitude from 1 deg. to 60 deg. 


Il. Its Conſtruction. 


The Latitude of the Place and the Declination of the Sun being known, the - 
Canon, Analogy or Proportion by which the Table is formed is T his: 
As the Sine Complement of the Latitude (ſuppole 43 deg, Latitude) 47 

deg. (9-8641275 


Is to the Radius G0 a. I 0.0000008 
So is the Sine of the Declination ({uppoſe 15 deg.) 19.4129962 
To the Sine of the Amplitude 20 deg. 43 min. 9.5488687 


aeg, m, 


So likewiſe if the Lati- I **Q And the Sun's 3 The Amplitude would s 
tude were ; Declination oy be found to be ay 


_.-Agd here.Note..(1.) If the Sun's Declination be North, the Sun's Ampli- 
tude of Riſing or Setting is towards the North, and the Sun Riſes be- 
tween the EaF and the North; and Sets between the We#t and the 
North But (2.) If the Declination be South the Sun Riſes between 
the Eajt and the Soath and Sets between the Wezit and the Soath : (3.) 
When the Sun is in the Equizoitial and hath no degrees of Declination 
the Sun'hath no degrees of Amplitude, but Riſes due Eait, and Sets due 


Wet, 
| | III. Its Vſe. 


Seck the Latitude in the Head of the Table, and the Sun's Declination in 
the firſt Column, and in the Common Angle or Section, you have the Am- 
plitude——Example, In the Latitude 15 deg, the Sun having 2odeg. of North 
Declination I would know his Amplitude ;-—Seek 15 degrees in the Head 

* of the Table, and 201n the firſt Column, and right againſt 2o and under 15 
you ſhall find 2o deg. 44 min. and ſuch Amplitude ſhall the Sun have in the La- 
titude of 15 deg. when he hath 20 deg of Declination : And is Oey 


North 


' if the Declination be h oath according to the foregoing Note. 
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of SUN-DIALS. © 


The Deſcription, Conſtruction and Uſe of this Table. 
I. Its Deſcription. 


F TY Table Confiſteth of Eleven Columns, in the Firſt of which 

towards the left hand are contained all degrees of Latitude, 
from 60 deg. down to the Equino#ial;—— And at the head of the 
Table are 10 many whole and half Points of the Compaſs, as the Sun 
may Riſe or Ser upon in thoſe Latitudes counted from the Eaſt or 
Weſt Nerthwards And at the bottom of the Table are ſuch Points 
and half Points of the Compaſs, as the Sun may Riſe or Set upon in 
any of the forementioned Latitudes between the Eaft or We#t Points 
and the Soxth, as the Titles at the head and foot of the Table do 
expreſs; And under them are the degrees of Declination that the Sur 


{hall have when he Rzſes or Sets upon thoſe Poirts of the Compaſs. 


II. Its Conſtruction, 


If you would know what Declination the Sun ſhall have when he 
Riſes upon the E. by N. and Sets upon the W. by I. Point of the Com- 
paſs in any Latitude (ſuppoſe in the Latitude of 35 deg.) The Azalopie 
or Proportion 1s, 


As the Radius 90 deg. I 0.0000000 


To the Co-ſine of the Latitude 55 deg. | 9.9133645 
So is the Sine of the Point of the Compals from the { 9.2902357 

E. or W. viz. 11 deg, 15 min. (for E. by N.) - = 
To the Sine of g deg. 12 min. rX9.2036002 

And ſuch Declination muſt the Sun have when he Riſes upon the 
G by N. and Sets upon W. by N. Point of the Compaſs in the Latitude 
of 35 deg. 


TIE. Its Uſe. 


Seek the Latitzde in the firſt Column of the Table towards the left 
hand, and the Point or half Point of the Cannes upon which the Sr 
Riſes or Sets in the head or bottom of the Table, and 1n the common 
Angle or Settion you ſhall have the Declination that the Sun then hath. 


Example, What Declination ſhall the Sun have when he Riſes NV. E. 


by E. and Sets N.W. by W. in the Latitude of 48 deg. Look for 48 


deg. in the firlt Column, and for =” wb win the head of theTable, 


and under thoſe Points, and againſt 48 deg. you ſhall find 21 deg. 49 
min. for te Dectination that the Sun ſhall have when he Riſes /V. E. 


by E. and Sets N.W, by W.inthe Latitude of 48 deg. —And the like 
-1n any other Latitude. 


4 TABLE 
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A TABLE ſhewing what Declination the San Than! 
have, when the Day is any Number of whole hours 
long in any Latitude. 


The Difference between the Length the Longeſt or Shorteſt 
pt» Fx of equal hens hr ax Equinottial Dy 
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of SUN-DIALS. 


The Deſcription Conſtrution an Uſe of this Table. 
I. Its Deſcription. 


He Table conſiſts of Seven Columns, in the firſt whereof areall degree, 

of Latitude from the Pole to 16 degrees: And at the head of the Tab 

is the Difference between the length of an Equizottial day of 12 hours long, 

and the even hours of any other days length ; 1n great Figures, and under then 

in ſmaller Figures, is the half difference of that length in degrees and minute, 

and under them the Declination that the Sun ſhall then have when the da 
is ſo much longer or ſhorter than an Equinodtial Day. 


II. Its Conſtruction. 


If you would know what Declination the Sun ſhall have when the day j 
any number of even hours longer or ſhorter than an Equinofial Day in 
Latitude, Conſider the difference of thoſe Lengths, and an Equinottial Dayd 
12 hours; and take the half thereof, which turn into Degrees and Minutes; 
As ſuppoſe I would know what Declination the_Sur ſhall have when the dy 
15 either 15 deg; or 9 hours long in the Latitude of 54 deg. 

Firſt, the difference between 9 or 15 hours and 12 hours (an Equinoiid 
Day) is 3 hours, the half whereof is x hour anda half, and that turned int 
time is 22 deg. 3o min.---Being thus prepared, the Analogy or Proportion t 
find the Sun's Declination at that time is, 

As the Radius g9O deg. I 0.000000 


Is to the Size of half the diff. x hour 3o min, (viz. 22d. zom.) 9g.5828;; 
So is the Co-tangent of the Latitude 36 deg, 9.861261 


To the Tangent of 15 deg. 33 min. | x9.444100) 
And ſuch Declination ſhall the Sun have, when the day is either 9 X 15 houn 
long in the Latitude of 54 deg. 


II. Its Uſe. | 


Seek the Latitude 1n the Fir#t Column, and the Difference between the « 
propoſed and an Equinottial Day in the head of the Table, among the gra: 
Figures, and in the common Seton you have the Declination deſired. 

Example, What Declination ſhall the Sun have when the day is either 18 
or 14 hours long in the Latitude of 76 deg. The difference between 1t 
or 14 hours, and an Equinofial day is 2 hours. Find 2 hours at the head 
the Table, and under it, and againſt 76 the (Latitude found in the Firſt C 
lumn) you ſhall find 3 deg. 37. min. and ſuch Declization ſhall the Sur hait 
when the day is either 10 or 14 hours long in the Latitude of 76 deg. 
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A TABLE of 


each Hour-line from the Meridian : «pon all Vertical 


& North or | 
lining or Inclining : 
de (viz. from 00 


Of the FU R NITURE 


» Horizontal Plains, as alſo up 
South Plains, whether Er 
Calculated to all Degrees 


leo. to go deg.) that is, from the Equin 


CI 


either of the Poles. 


Horizontal Spaces ſhewing the 


ect, Rec 
of Latitu 


Diſtance of 


oQtial «p #0 


— 


ke Reclining or Inclming Plains» 


North or Sourh wupriz, 


Stiles beight above any Dired 


zontal Plains, Or of 1? 


(OS) 


Degrees of Latitude for Vertical or Hori 


| %l. 


X. IX, 
| ] VI nul. 
D. M. | D. M.|D. M- 
© "35 al 5 O 
| © "BY WE. 2 0 
» 0813 WS 2» 
t 05 | 2 1914 © 
þ --- 6 | 2 $2 }- $8 
| L a6 | z  $33% -Þ 
2H WE. = = 2=:. 
|: c [4 $717. :: $9 
2 23|s og|s $4 
2 4gols 43]9 
| 2 $5s|6 1710 48 
3 un16 $14 45 
« . $917 - 246159 41 
3 #43 7 $7113 35 
EY | 30 | 14 3! 
CD. | Oy {RR 
4' 1319 02 15 25 
29 | 35 | 16 26 
18]4 4410 o8 | 17 1© 
69 110 39 18 02 
| 0 11 10|18 $3 
s 29111 41119 44 
s 44118 13190 
$- eo 18 gy1® KV 
þ 13 | 12 13 | 22 o8 
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1.4 TABLE of Horizontal Spaces ſhewing the Diſtance of 
each Hour-line from the Meridian : «pon all Vertical 

or Horizontal Plains, as alſo upon Dire&t North or 

| South Plains, whether Erect, Reclining or Inclining; 
| Calculated to all Degrees of Latitude (viz. from og 


dejz. to go deg.) that is, from the EquinoQtial «p to 


Seweb of Latitude fot Vertical or Horizontal Plains, 


+| either of the Poles. 
S168 1% IX | VII. | VI. vy 
x | l. 11. 1. IV. V. , 
2 [D. M. |D. M.]D. 3D. M.|D. M.\D. M. 
(_ c— — —_— 
S [46] 10 54]22 33] 35 44|51 15] 69 35 | 90 co | 
I FRAICT 05 | 22 53] 35 52 42169 $3 | 
E 48 | ns 72.25 131 36 67.5 38 O91 Jo Ut 
S [49] 18 25|23 33]37 03| 52 35| 70 28 
HE it 35123 $2137 28] 53 oo | 70 43 | | 
*©|5s1]11 45]24 o9|37 52| 53 24|70 59] go oc | 
jon 52|11 $5124 27] 35 53 46] 71 13 
= |53| 12 05 | 24 431] 38 37] 54 181 71 28 
& 4154| 12 13] 23 o2] 38 $81] 54 29] 71 41 | 
» [55112 22] 25 18] 39 $4 49] 71 54 | 
T Ar 2 | 25484] 39 40] 55 ©9] 72 05 |go © 
> |57|12 40125 gol 39 .59} 5s 28] 72 17 
& | 58 | 12 48| 26 o5] 40 55 45'] 72 6 | 
S|59|12 56] 26 20 | 4© 35 | 56 03] 72 38 
Q |[50|13 o4|25 341 40 54156 19172 48] | 
> — Cpmmmmm— — 
E [61] 13 ni | 5s 47 | 41 56 34] 72 58] go co| 
= ([42|13 19]27 11 41 56 49] 73 07 | 
2 [53] 13 25]27 13] 41 57 03] 73 1s 
z 154] 13 32]27 25] 41 57 17] 73 24| | 
E 65 [13 39 (27 37 | 42 57 30 73 32 
& 156} 13 46|27 49] 42 $7. 431 73 39 | 90 oo| 
S 67 | 13 51 | 27 S9 | 42 :38 | 57 $54] 73 46 | | 
» || 13 57] 28 os] 42 58 05] 73+ 53 
_ 69 | 14 0o3| 28 191] 43 021 58. 16] 73 59 | 
d | 14 -w] 28 291] 43 638 26] 74 05 | 
71] 14 13] 23 37} 43 58 35} 74 11] 90 oof 
72] 14 181} 28 46] 43 24] 58 44] 74 16 | 
73 | 14 22] 28 $4] 43 36] 58 $3] 74 20 \ 
74 | 14 27] 29 02143 $2159 00 74 25| 
75114 30] 29 07] 44 col 59 07] 74 30 | 
76| 14 33] 29 15] 44 59 15] 74 34| 90 oo| 
77 114 37] 29 21] 44 59 22] 74 37 | 
78] 14 4i| 29 27] 44 59 27] 74 41 
79] 14 44]29 32] 44 59 32] 74 44 | 
80] 14' 47 | 29 37 44 59 37174 47 | 
81 | 14 49 | 29 41 | 44 .37 | 59 40] 74 49] $0 oo 
82114 51129 45144 40] 59 44] 74 5+ | 
83] 14 53] 29 49544 44| 59 47{74 53 
84114 $5]29 52] 44 59 SI] 74 $5 
85114 56129 54] 44 53] 59 $4174 $7! 
| ny 'N —— — C—C———_—— 
86 | 14 57]29 $55] 44 59 $551] 74 58190 col 
871414 $8129 561] 44 59 $55] 74 58 
88114 59] 29 57 | 44 59 $8] 74 59 
89 114 $59| 29 50] 44 59 $9] 74 59 
go | 15 ©o 30 oo | 45 | 69 Co 1 76 ©2 
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of SUN-DIALS: 


Thi Deſcription, Conftru&ion and Uſe of the 
foregoing Table. 


He Table conſiſteth of Seven Columns, 'in the firſt is contained whole 


degrees of Latitude from 1 to go degrees: ' And may be called the Co. 
lamn of Latitudes, Co-Latitudes, or of the Sriles height of any Direct Horizon- 
tal, North or South Plain, either Eret# or Reclining, 

In the other Six Colamns you have the Space or Diſtance that each hour 
hath from the Meridian, when the Stile is any number of degrees to be ele- 
vated above the Meridian or Subſtile, as are the others of Column Seventh. 


The Tables ConftruQion. 


, It is known that x5 d of the EquinoZial is equal to one hour of time, 
then 3o is equal to Two hours, 45 to Three hours, &c. And 


As the Radius or Sign of go deg, 
Is to the Sine of the Latitude, Co-Latitude or Stiles height 25 deg. 
So 15 the Tangent of 15. 
To the Tangents of 6 deg. 28 min. | 
SS RY vow WR T2 ow ws * 


And fo is the Tangent of 30 00 45 Oo, Go oo, 75 oo, 


To the Ln of 44 20 06- 36-2; $2. 


And ſuch are the true hour diſtances for an Horizontal, Vertical, or any other 


5 = Reclining Plain, where the height of the Pole or Sizle is found to be 
25 deg. 


The Uſe of this Table. 


| It ſerves principally for. the ready making of Horizontal Dzals, for to be 
obſcurely deſcribed upon Declining or Declining-Reclining Plains, ay oy 
Furniture, (the _— and Parallels of the 12 Signs and Diurnal Arches L 
mean) is more eaſily inſerted upon ſuch Oblique Plains: As in the former 
TraRtates is ſufficiently declared. 


21 
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ATABLE ſhhewing what Altitude th Sun /hall have at every 
Hour, Half and Quarter of the Day, at his Entrance into every| 
of the XII. Signs. | | 


Calculated for the Latitude of London, 51 deg. 39 min, 


; 


; —_— 


Io S | Les | Virgo | Libra | Scorpio | Sagitt. | w 
uy Cn Qu MY a{Xx mſ= 2] Capric 
| hs 2275 4 Gemini Taurus Aries | Piſces } Aquar, Py 
ty © Alt. | © Alt, | © Alt, | © Alt. br Alt. | © Alr. | © Alt, 
Quarters | | ag 
D. M. | D. M. | D. M. | D. M. | D. M.|D. M. | D. M, 
mc — — | ——þ 
X11. | [6 59|58 4qr[49 59|38 58|25 57|18 15114 5 
x | |61 4ag|58 34149 52138 22126 52118 10|14 52 
2 61 23|58 $]49 32|38 01126 37|17 $6114 50 
p- (6 40|57 27148 57137 4 po 12]17 3414 18 
XI. L| 59 42|56 33|48 10130 56|25 7 i7 03113 48 
58 29155 25147 11136 05/24 53116 2413 og 
2 57 04|54 06[|46 o11|35 04124. oil|15 36 12 23] 
3 1155 29552 34144 40133 55122 59114 19111 29 
X. IL||53 45150 55143 1832 36]21 "i 35|10 28| 
1 -||[52 $53|49 07]41 32]31 o8 | 20 31|22 24 2 19 
2 | 49 54]47 12]3% 47129 34]19 o6|1r o6 03 
3 1147 $1145 23137 $7127 $3117 36] 9 42] 6 ar 
IX. III.1-145 42 34 o7 135 59126 og 15 $91 8- 22-0 -M8 
x ||43 3r]4o 5833 57124 r2[14 13] 6 34] 3 39 
2 |\}41 26138 45|31: 49|22 15|12 23] 4 51i| 2 59 
$40.0 38 59|36 30|29 40|20 13|10 3o| 3 o5l o 15 
| VULIV. | 36 41134 14j27 28,18 o8| Ss 33] x ..n8 
E2 34 23|31 56 25 13/15 $58] 6. 31 
2 32 04129 37 22 50113 46; 4 25] 
; 29 43|27 16|20 37111 32] 2 od 
[VII. V.| |27 23|24 $56]18 18] 9 17] © os | 
I 125 04|22 37|15 59| 6 58| 
2 | |22 46|20 17|13 39| 4 39 | 
3 20 28|17 57|11 16| 2 20 | 
| VI. | |18 12{15 42| 9 00] © oo 
EY ver $114 oo| 6 a | 
F-Y | [13 46|11 23] 4 24 
; "3128 $218 on] $61 | 
IV. lg 3ol 6 52 CTR] 
SSIS PF 6 $0 
LIES 1:1 4.4 
[3-44-31 6-48 | 
_ —| — | — | 
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Of SU N-DIALS. 


' The Deſcription; Uſe, and Cpnſtrution of the foregoing Table: 


I. Its Deſcription. 


He Table conſiſteth of Eight Columns : The firſt whereof contains all 

Hours, Halves and Quarters, both before and afternoon; and in the 0- 
ther Sever, are the degrees and rainutes of Altitude that the Sun hath at his 
entrance into any of the 12 Szgns: as the Titles at the head of each Column 
do import. > | 


II. TIts Uſe. 


Suppoſe I would know what Altitude the Sun ſhall have at Ten of the 
Clock, when he enters into either of the Signs Virgo i or Taurus 5. Look 
for Virgo or Taurus (which you ſhall find in the fourth Column) at the head 
of the *Lable, and under them and juſt againſt X. or II. a Clock (in the firſt 
Column) you ſhall find 43 deg. 11 min. And ſuch Altitude will the Sun have 
at Ten or Two a Clock when he enters into Tawrms or Virgo,” in the Latitude 
of 51 deg. 32 min. — In like manner you ſhall find that 


deg. min. 
When the CCarcer his Alri.- XI. 1.2 will beC59g 42 
Sun enters Leo or Gemini rude at I Y HE or IV. found $34 14 
into Sagittarius or Aquarius eu. II.” to be C13 36 


And the like for any other hour, half and quarter of the day, and at the en- 
trance into any other of the Signs. | 


IL Its Conſtruction. 


x. If the Sun be in the Equino#4al, that is,” at his entrance into Aries y or 
Libra =, and ſo have no Declination, the Sun's Altitude at hour may be 
found by one Single Proportion, So the Sun being in the Equizoial, and 
his Alt:tude ar VI. in the Morning or IV. in the Afrernoon were required in 
the Latitude of 51 deg. 32 min. 'T he Proportion to find the fame ON 


& 1 


As the Sine of go * ; | 19.0000000 
I5 to the Co-ſine of the Latitude 38 deg, 28 min, .-  9.7941496 
So is the Co-fine of the hour from Noon 30 deg. ' 9-6989700 
To the Sine of 18 deg. 8 min. 29-493 1196 
Which is the Sun's Altitude at Foxr or Eight of the Clock, when the Sun is 


in the beginning of Aries y or Libre =, in the Letitude of th . 32 min. 

This is the Proportion to find the Altitude at all Hours, when the Sun is in 
the Equinofial, and hath no Declination ; But when the Sun hath either North 
or South Declination \rom the Equinodial, then there muſt be Two Operations 
to find the Altitude at all hours, except at VI a Clock, and at that hour One 
Operation will ſerve the turn; | 

Example, Ih the Latitude of 5x deg. 32 min. Let i be required to find the 
Sun's Altitude at Six a Clock when he enters into Tawrus or Virgo, (his De- 
©!aation then being 1 1 deg. 31 min.) The Proportion is, 


As 


23 
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As the Radixs (or Sine of go deg.) | 10.0000000 
| is ro the Sine of the Siin's Declination, ti deg. J1 min. 9.30027 58 
So is the Sine of the Latitude 51 deg. 32 min.  9.8937452 

'To the Sine of g deg. | x9.1940210 


Which is the Sun's Altitude at Six a Clock! 


For the Altitade of all other hours between XII and VL. (as at IV or VIII, 


a Clock) Two Proportions mult be uſed ; 


(1.) As the Co-ſize of the hour from the Meridian 30 deg. 9.6989700 
To the Radins (or Sine of go deg.) 10.0000000 
So is the Tangent of the Latitude 51 deg, 32 min. 10.0999135 
To the Tangent of a Fourth Arth 68 deg. 30 min. 10.4007435 
ae, min, 
The Fourth Archis, 68 20 from which the Sun having 11 deg, 
31 min. of Nor.Decl,Subſt. 1x 3x and there remains 

56 46 fora Fifth Arch, Then Say, 
(2.) As the Sire of the Fourth Arch 68 deg 20 min 9.968178 
To the Co-ſine of the Fifth Arch 33 deg. 11 min 97382412 
So 15 the Szze of the Latitude 51 deg. 32 min. 9.8937452 
19.631 9864 
' To the Sine of 27 deg. 28 min. 9.663808z 
And ſuch Altitade ſhall the Sun have at Eight in the Morning, or Four in the 


Afternoon when he enters into Taurus 5 or Virgo m." 

When the Sun is in the Southern Siensas Libra =, Scorpio M,Sagittarius 4 Ca 
pricorn vy, Aquarius = or Piſces %, and hath South Declination : As {uppoſe 
at X. or II. a Clock the Sun being in the beginning of Sagitariaus 2 or Aquarius 
=, (he having then 20 deg x 3 min. of South Declination :) Say, 

0 


(1.) As the Co-fine of the hour from the Meridian 60 deg. 9.0378506 
To the Radius (or Sire of go deg.) | 10.0000000 

So is the Tangent of the Latitude 51 deg, 32 min, 10.0999135 
To the Tangent of the Fourth Arch 55 deg. 27 min, 10.1620629 


min. 


To his Fourth Arch 55 27 (the Sun'sDect. being 20d. 13 m. South)mult be 
added to it 20 13 | 


And the Sum will be 755 4o for a Fifth Arch. Then Say, 
(2.) As the Size of the Fourth Arch 55 deg. 27 min 9.9157330 


To the Co-ſine of the Fifth Arch 14 deg. 20 min. 3936852 
So 15 the Size of the Latitude 51 deg, T mio. 4 —__ 
of 2874304 

To the Size of 13 deg. 36 min. | 0:3716974 


And 


& = 


And ſuch Altitude ſhall the Sun have at Ten in the Forenoon or Two in 
the Afrernoon, when the Sun is in the beginging of Sagittarius or Aquarias, 
and having 20 deg. 13 min. of South Declination, prov 
For finding of the Sun's Altitude at any hour before Six in the Morni 
or after Six at. Night, the ſame Proportion foregoing will ſerve; Only 
note----That when the 'Fourth Arch is found, and the Declination of the 
Sun added to it (as it muſt always be) do exceed go deg. you muſt take 
the Complement thereof to 180 deg. for your Fifth Arch, | 
So the Declination _ 20 deg. 13 min. North, And the Altitude at. V. in 
the Morning or VII, at Night, were required, the Altitude will be found to 


be 6 deg. 52 min. For, 


(1) As the Co-ſine of the hour from the Meridian 1 5 deg, 9.4129962 
To the Radixs go deg. | 10.0000000 
So is the Tangent of the Latitude 51 deg. 32 min. _ 10.0999135 
To the Tangent of the Fourth Arch 18 deg. 22 min, | 20.6869) 173 
. min. 
The Fowrth Arch being 7 22 
To which add the Sun's Declinat, 2o 13 
the Sum is 93, TI 
Whoſe Complement to 180 deg, is 8x 25 is the Fifth Arch. Then; 
(2.) As the Sine of the Fourth Arch 758 deg. 22 min. | 9.9909859 
To the Co-ſine of the Fifth Arch &-deg. 35 min. IT | 
Ty ta Coir ths 19h 4 brig. x5 wh”. "harmony 
wy 190676529 
L 29 


To the Tangent 6 deg, 52 mi . © 
Which is the Sun's Altitude xYV. in the Morning, or VII ia the fiveging, 
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france into every of the XIF. Signs. 


1'T A BLE ſhewing what Azimuth from the South, the Sun ſha 
" bo at every Flor, Half and Quarter of the Day, at Dis En. 


Calculated for the Latitude of London, 51 deg. 33 min. 
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' Leo | Virgo |' Libra | Scorpio | Sagitt. || 
| | | ain ates 
G ind | Talwss Aries | Piſces } Aquar, | 
| © Azs. | © Ari. |© Azi. | © Azi. | © Ai. 
D: M[D. M.|D: MD: M.|D. M.| 
0 00} .0 00] © co|'o 00 | o© ©o 
| 5630 537] 4 550 3 54] 353 
v3 244 55, 104 9.-401.7 37] 7 -.49 
I9 53|' 16 24|14 13|12 11|11 106 
26 '56! 22 13 18 52|16 22 136 45 
32 ox; 27 32123. 22120 15}18 17 
37_40| 32 41|27 41|24 o6|2r 53 
43 04| 37 32132 08129 44126 30 
47 & 42 o5 [36 24|31 50 28 52 
"2 At 47 04 | 4O zof 35 35132 18 
57 4x1 59-57 144 26139 10|35 39: 
61 18] 50 33145 13.142 36138 50 
65 161 58 47 15x - 56146 o2 42 ©O4 
69 56| 02 33] 55 1.33149 © 25]45 16; 
| 72-374, 65 3n | 58. ,$9 152 43148. 21 
76 o5 | 69 38|62 22|55 59|5r 22 
2 65 40{[59 Oo 4 22 
+ + 44 68 $531]62 08 , 
8 38} 79 23 72 o6 " bf 
87 50] 32 2 75 07 k. ad 
g91 34| 85 30173 +; ht } 
| 94 25| 88 27|81 og| 
97 16| 91 23 | 84 06 | 
100 07 | 94 22|87 og | 
To2 54 | 97 12 : 
104 581100 02).. 
108 26| 103 ©6- 
II 14 IO05 54 | 
I14 03 
II6 54 
122 37 | 
| omar an;ed Tnmramoun hence : 
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of SUN-DIALS. 


The Deſcription, Uſe, and Conſtruction: of the foregoing Table. 
| I. 1ts Deſcription 


His Table (as that foregoing), confiſteth of Eight Columns ; The Firſt con- 

tains all the Hours, Halves and Quarters both before and afternoon ; And 
in the other are the Degrees and Minutes of the Sun's Azimuth from the 
South at the Sun's entrance into every. of the 12 Signs, as the Titles at the top 
thereof do ſignif. | 


H. Its Vſe. 


If you would know what Azimuth, from the South, the Sun ſhall have at IX. 
or IIJ. of the Clock, when the Sun enters into Virgo m or Taurw x 
Look for Virgo and Tauras at the Head of the Table, and under it (againſt IX. 
and III. a Clock) in the Firſt Column, you ſhall find 58 deg, 47 min. And fuch 
Azimuth ſhall the Sun have from the South part of the Meridian. So like- 


wiſe. 


Cancer | Y + * IL. 
When the Sun YLeo or Gemini, 'the 4: IX. III 


enters.1nto Scorpio or Piſces eimarh VII. ® 1 


Taurus or Virgo, * XI, 


II. Its ConftruTian 


If it were required to find what Azimgth the Sun ſhall have from the South 
part of the Meridian, at VIII or IV of the Clock at, the Sun's entrance 
into Leo or Gemini (he having then 20 deg; 13 min. of North Declination)—— 
You muſt (by the foregoing Table) find what Alritude the Sun (at that time) - 


hath, which will be 34 deg. 14 min, which knows, the Proportion will be 
As the Co-ſine of the Altitude 55 deg. 46 min. __ 9.9173760 


To the Size of the hour from the Meridian bodeg. _ 949375316 
So the Co-fime of rhe Dectination 69 deg. 47 min. _ 99723345 


To the Size.of 79 deg. 3o.min,  Þ  . _- | 19.9099I6x 
mo | 9.992001 
And fuch is the Sun's Azimath irom the South part of the Meridees. 
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7 7 > ab TY 
A TABLE of the Sun's Altitude at all Hours of the Day, at the 
' Sun's Entrance into any of the XII. Signs, and at every Tenth De- 
gree thereof. 
Calculated for the Latitude of 50 deg. viz. 
Oe? ». X1. X. IX. VII. | VII, % 49-5 
_ 4 Yom | XII. | | Il. | 11. iv. 3 on vn. | "vm, 
S., D. |S. D. | |= M. | D. M. | D. M. |D. M-|D. M. | D. M.|D. M.|D. "i M, 
1S ol'S o 63 30 | 61 I | 54 29 | 46 13 | 26 $2 | 27 14 | 17 46 8 451 © 25 
20 | to | 63 7 60 39154 20| 45 $61 36-351 26 58117 29] $ 28] © 16 
| - 20 62 O | 59 all Ke 24 | 45 $ þ35 47|26 9116 29] 7 36] | 
1s v1 © | Gs 12 | 57 54] 51 $2 43 411 34 27] 24 $1}15 19] 6- 12 
20 1] | $7 46155 34| 49 48|41: 47] 32 4o[23 5113 30| 4 18 
| 10. 20 | | 54 51 [52 46|47 14|39 27]3o0 27|20 55|11 18} 2 i| 
Io o|7 < gt 390149 33] 44 16135 43|27 $2118 50s 46 | 
20 | 10 47 49 |45 0140 58133 4go[25 o|1s 36| 5s $9 
| 20| |= $8 | 43 58]37 28]30 26|21 $6|12 39| 3 2 | 
Y, o|s ol |4 o[38 23|33 50[27 43118 4s] 9 35 | 
20 | |36 3134 Jf30 9123 36115 3t }'6. a9 
| 10 20 32 11] 30 43126 24 bes ik Mo 1289 4 
— — — — 
(x o|[m © 28 30 | 27 8123 9[17 2|9 21] o 36| 
20 lo 2 S306 Wim oi $16 © 
| wl | |22 14120 58|17 15]11 30] 4 wo] 
| = 4s 4 F "1 IT 34114 59} g ar] 2 '9 
20 |. 10 18 o | 16 48 | 13 71 7 45 o 4o| | l 
lo 20} | 16 $3] 15 42 | 12 14] 6 | -Þ uy 
i >| | 16 30 | 15 9] 1 52| 6 25 | | B 
| 
| . Lo . . 
14 TABLE of the Sun's Azimuth for every Hour in the beginning 
of each Sign, for the Latitude of 54 Degrees. © 
_—_ XI, | Xx. | 1X. TTTA LVIL | yy, [IV. FTA —"M 
1. Il 1. IV. V VII. vin. 
D. M.|D. M.|D. M.|D. M.|D. M.|D. M.|D. M. D; M.} - 
I nn Cm————_— —m—rm—m— | w—o— — 
LS 60 41] 37 34| 20 23] 6 48]4 Naq8] 15s 37] 26 18] 37 24 
AN TW} |62 48] 40 32123 23] 9 4oſ[3 16]13 17] 24 12 
WM v&$}}<56 $7} 46 491 30 19116 15115 5g} 7 Ne7 | 
= T| | 70.43] 52 $91] 37 17] 23 $1] 12 36 | 
[mn X| |73 25157 48143 33] 30 40118 45 
[#08 75 $9] % $6147 43] 3s 3+ | 
T0 75 45162 31 49 wy” 
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A TABLE of the Sun's Altitude at all Hours of the Day, at tel 
Sun's Entrance into any of the XII. Signs, and at every Tenth De- 


gree thereof. | 
Calculated for the Latitude of 52 dep; 


þ22 41 


17 4&9 
, Br 


14 $3 | 
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A TABLE of the Suns Azimuth for every Hour in the beginning 
of each Sign, for the Latitude of 52 Degrees. 


VIIL. 
IV. 


D. M. 


8S my 
loS 58 
» 2 
24 28 
30 $561 
35 36 
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Calculated for the Latitude of 52 deg, 30 min. 


l 's'Alt1 be Day, at the 

the Sun s ' Altitude at all Hours of t 
Cu joint yd any of the X1I. Signs, and at every Tenth De 
gree thereof. | 


mn, - | X1 X. La, LV» | V il, V VI, et VIL "*_ 
ears ==> XI1. | OE 1, un. Il. VIII. ” _ 
44h +67 Altrern. — D. M. - M, 
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Succin&t and Demontſtrable 


Way of Deſcribing 


HOURLINE 


Upon all Sorts of | 


PLAINS. 


And alſo, 


For the Inſcription of other Sciaterical Furniture 
into SUN-DIALS. 


—_— 
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Tranſlated from a Latin Manuſcript written, Anno 1640. 


By Samuel Foſter, ſometimes Profeflor of Aftronomy in 
Greſham Colledge, LONDON. 
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The Seventh TRACT ATE. 


”_ Cn 


the Meridian TRL the Plain —— P the Pole of the Word —— 
Z.the Pole of the Horizon O the Pole of the Plain —— DN or 
DS, the Declination of the Plain, which twa Arks are Complements 
of each other ; and unto which, the PZO or OZS are 

The Horizontal Line of the Plain is TZL —— The Vertical Line VZ 
—— The Inclination of the Plain to the Horizon, is the Arch VC, to 
which OZ is equal. 

That the Axis and Hour-lines may be duly ſeated, we muſt of n 
{ve the Spherical Triangle PZO, in which there are given, (1.) PZ, the 
Complement of the Laritude, /2.) ZO, the Inclination of the Plain tothe Ho-, 
nzon, (3.) The Angle PZO, the Declination of the Plain from the North. 

Therefore, it is evident, by the Fourth Axiom, 

Firft, The Baſe PO, whoſe a= abovea Quadrant in the IIL. Scheme, is 
3x Complement toa Quadrant in the other Schemes ; And rherefore PR is 
2X Eizvation of the Pole above the Plain. 

. Nan Secondly, 


: all the ſix Schemes —— NESW repreſents the Horizon, —— NPS 


G0 


SCIOGRAPHY. 


Secondly, By the Third Axiom. 


As the Sine of the Arch, before found, OP 


Is to the Sine of the Declination PZO, or OZS, | 
So is the Sine of the Inclination of the Plain to the Horizon OZ, . 
To the Sine of OPZ. The difference of itude between the Meri. 
dian of the Plain, and the Meridian of the Place. 


Thirdly, By the Third Axzom. 
As the Sine of the Arch OP | 
. Is to theSine of the Declination ZO, or OZS; © - 
So is the Sine of PZ, the Complement of the Latitude of the Place, 
- Tothe Sine of the Angle POZ, or RV. | | 
Which is the diſtance of the Subſtile- and Meridian. 


+ T To find the Subſtile and to place the Axis upon it. 


The Subſtile is diſtant from the Vertical Line of the Plain, by the quan. 
tity of the Arch RV, and towards the ſame Coaſt, as appears by the Scheme, 
The Stile ſtanding perpendicular upon this repreſents the Axis of the World; 
and therefore looks towards the Elevated Pole, making an Angle with the 
Subſtile equal to the Arch PR. 


Mil To find the Diſtances of the Hour-lines from the Subſtile. 


The Hour-lines are placed fromthe Subſtile, in the ſame Order which they 
keep in the Schemes ; their Angles being found out by this Proportion. 


_ As Radius 
Is to the Sine Elevation of the Pole above thePlain PR. 
Soarethe Tangents of the Angles RP 12, RP1,RP2,RP3,RP4, RP; 
RP 6, &c.—— RP11, ZP1o,RPg, RP8, RP+4, RP5, &c. 
To the Tangents of the Arches upon the Plain, R 12, R 1,&s.R 11,R 19 
C | 


From the Meaſures of theſe Arches, let there be Angles deſcribed upon the 
Plain; and if you draw ſtrait Lines from the Centre through thoſe Points, 
they will be the Hour-lines: And the Schemes will ſhew the Order of their 
Numeration. : | 

The true Angles RP 12, RP x, &c.RP 11, RP 10, &«. arediſcovered by 
being com with the difference of Longitude OPZ, whether it be 1,72, 
2, 4, &c. hours from the Meridian, by takingeither their Sura or Difference, 
which is eaſily apprehended from the Schemes. 

Moreover, It is to be noted, That the Angle OPZ, is Acute, or at the 
moſt not exceeding a Right Angle. — But it at any time it fall out to be 
Obtuſe, the ſame be the mnt of the Plain's Difference of Lov 
gitude. The ſame is to be underſtood in any Caſe” whatſoever, when the 
Angle RP», iscither equal to, or Supplement to the Angles RP 12, RP1, 

C, 

I have aſſumed theſe Inventions in the laſt place, becauſethey are more 
commodious for animagverſion. by 

on 
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How to know t#nder what Scheme, any, Plain falls. 


As Radi 
Isto the Co-(ine of the Plain's Declination, 
So is the Tangent of che Plains Inclination to the Horizon, - 
Toa Fourth Tangent: | 
© In North Incliners Nm, 
In South Incliners $ », 
_ which, if the Fourth Arch Nm belefſer thanthe Elevation of the 
Pole 
The Plain ſhall belike that in Scheme IT. 
If Greater like that in Scheme III. 
If Equal the Plain is Meridianal, 


Andin theſe, 


If the ſaid Fourth Arch Sm be greater than the Elevation of the Equa 
cor SK, or Equal to it, the Plain will agree with Scheme IV — But if 
leſſer with Scheme V. 

Let Ere& Plains be repreſented by Scheme I. where, If the Decluiation 
be 9o deg. the Plain ſhall be NPZS. 

For DireC&t Incliners beholding the Eaſt or Weſt, the VI Scheme will 
ſerve. —— But where the Icelination to the Horizon is 90 deg. the Plain 
ſhall be NZS Meridanal. 

J Hitherto of-the Deſcription of Hours: 


_# "i an £ 
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INSCRIPTION 
OR OTHER. 


Sciaterical Furniture 
u PON | 


SUNDIALS. 


FAROB is 1 


To find the Diſtances of the Verticals of their Plains, from the Ver- 
ticals of the Horizon. 


The Verticals of the Horizon are ZQ, ZF,ZG and ZH, &c. 
e Verticals of the Arch ſought of the Diſtances in Plain are VY, VI, 
VK, VM, &c. 
But becauſe the Declination of the Plain SD or NC, and the Horizon- 
tal Diſtances of the Verticals NQ, NF, NG, NH, &c«. trom N are known: 
The Diftances atfoor Sums of the fame har as ſhall berequired) ſhall 


' 'He Verticals of the Plain is VZ, or DC, 
h 


be made known: Namely the Arches CQ, CF, CG, CH, &c. 
And becauſe ZV is the Complement of the Inclination of the Plain to the 
Horizon, therefore 


As ZC Radius - 
ToSine of ZV. 
Sothe Tangents of the ArchesCQ, CF, CG, CH, exc. 
To the Tangents of the ſought Arches V Y, VI, VK, VM,&c. 
In Erect Plains, which paſs through the Vertex of the place, thoſe Ar- 


ches vaniſh. : 


—_ —— —_— Cm in 


PROB L. II. 


The Declination of the Parallel from the Equator being given, to find 
its Diſtance from the Vertez of the Plain, to any Hour. 


Et the Parallel be A S, and the hour ZPA, the Eighth from Midnight 

or Four before Noon, and let an Arch of a great Circle OA be drawn, 

then in the Triangle OPA the Sides PA, (by the Declination from the E- 
: | quator 


SCIOGRAPHY. 


A) and PO (from the former computation) being known, with the 
une coo br Angle P A, made from the Sum or Difference of the' An- 
1«s OPZ, the Difference of Longitude, and ZPA the hour given, the Baſe 
yi may be found, by the Fourth Axiom : which is the Diſtance of the 
OI O the Vertex of the Plain. 
#1 ny wt inandee: the Diſtances to all Parallels and hours are to be 
ſought, ———Bur to ſeck them beyond 80 deg. will be needleſs, 


APPENDI X. 


If it be ſought, in what Vertical Circle of the Plain this Diſtance ſhall 
happen, uſe this following Analogy. 


As the Sine of the Side O A 

To the Sine of rhe oppoſite Angle O P A. 

So (by the Axiom 3 is the Sine of the Side PA 

To the Sine of the oppoſite Angle POA. 

Which is the Latitude, berween the Vettical of the Plain O A, and the 
Subſtilar OP. 


- 
wu —_— = 


PROBL. 11I. 
To find the Diſtance: of any Circle Paraſle] to the Horizon from the 
Vertex of the Plain, to any Vertical Circle. 


Et the Parallel or Alinicanter paſſing through the Point X be the Verti- 
cal of the Circle Z F and let the Diſtance of the Point X be ſought; 
trom O the Vertex of the Plain. | 
Then ler the Arch of a grear Circle OX be deſcribed, ſo as to make the 
Triangle OZN, in which from the given Sides OZ (equal to the Inclination 
VC) and ZX (the Complement of the Diſtance ofthe Parallel X, from the 
Horizon F) together with the comprehended Angle OZK, (the Supplement 


" WW ofthe Angle CZF before found) the Baſe O X may be found (by Axiom 4.) 
which 15 the Diſtance required. 


The fame is to be found in all other as well Verticals as Parallels. But to 
ſeek the Diſtances beyond 80 deg, is needleſs. | 


F I AE 2 & 3» If MS 4 


But if it be further required in what Vertical Circle of the Plain, this Dis 
ſtance ſhall happen, it may be found in the Third Axiom in this manner : 


As the Sine of the Side OX 
Is to the Sine of the oppolite Angle ZOX, 
9015 the Sine of the Side ZX 
To the Sine of the oppoſite Angle ZOX, | | 
Which ſhews how far the Vertical of the Plain, which paſſeth thro? 
NR, 15 to bediſtant from that Vertical of rhe Plain OZV. 


The Uſe of theſe Problems is for the deſcribing of Vertical Circles paral- 
le] to the Equator, and parallel to the Horizog. 


Ooo | In 


| 
| 
[ 
| 
$ 
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In the firſt place the Gnomon is to be aſſigned, according to whole ſity, 
ation and lengrh all things whatſoever that are to be inſerted in Dials are 
determined. > IR RON 

Therefore.any Point in the Stile being afſigned for the, Apex or point of 
the (Gnomon : ; 245: of 

A right line from thar point perpendicularly extended to the Plain, ſhall 
be the length of the Gnomon: And that point of the Plain upon which that 
right Line falleth, ſhall be taken for the foot of the Gnomon. 

To the Gnomon thus conſtituted, are to be fitted both an Horizontal 
and a Vertical Line upon the Plain, in which alſo the Zenith of the Hori. 
zon is to be fixed, all which we ſhall uſe in the deſcription following, 

The Horizontal Line may be deſcribed by marking upon the Plain a Point 
in equilibrio with the Apex, and drawing through that point upon the Plain, 
a Line parallel to the Horizon, both which may be done by an ordinary In. 
clinatory or Quadrant, or by any,other apt or convenient means. 

And a right Line drawn through the foot of the Gnomon, perpendicular. 
ly to the Horizontal Line, ſhall be the Vertical Line of the Plain accomoda. 
ted in like manner to the Apex. | 

Alfo a right Line perpendicularly ereQted from the Center of the Farth, 
to the Vertex of the Horizon, ſhall deſign our (in the Vertical Line) the Ver 
tical Point of the Horizon, called the Zenith ; which alſo the concourſe or in- 
terſetion of the Vertical Line with the hour-line of 12 will ette&t. 

And becauſe below the Horizon, there is nothing in the Heavens further 
diſcerned, therefore in the Plain nothing is to be deſcribed above the Horizon- 
tal Line. wherefore it behoveth the Artiſt ro order the Apex of the Gno- 
mon in ſuch a: place of the Stile, ſo that all things may be deſcribed upon 
the Dial-plain in a decent and orderly manner. 

In the laſt place, all things depending upon the Apex of the Gnomon and 
contained between the Tropicks and the Horizon. 


To deſcribe the Azimuth or Vertical Lines. 


1. Inany Incliniag Plain, from the Zenith point of the Horizon noted up- 
on the Plain, deſcribe a Circle, in which (from a Vertical Line drawn upon 
the Plain, through the foot of the Gnomon) ſet off ſuch Angles as are equal 
to thoſe Arches tound by the firſt Problem, for the right Lines drawn at thoſe 
Diviſions towards the true Coaſt of the World will be the Vertical Lines. 


In an Horizontal Plain. 


The equal Angles *at the foot of the Gnomon reckoned from the South 
deſcribe the Vertical or Azimuth Circles. 


In any Eret Plain. 


The Zenith cannot be fixed, neither canthe Vertical Lines meet, therefore 
there 1s no need of the computation of the firſt Problem. Only the forming 
of the Angles at Z, or of the Horizontal Arches, CF, CG, CH, &«. is here 


.: required. But the T of theſe Angles (the length of the Gnomon be- 


ig made Radius) ſet the Foot of the Gnomon towards their due Coalt, 
will find points upon the Horizontal Line, by which Perpendicular Lines be- 
ing ler fall will ſupply the places of the Vertical Circles. Butevery Azimuth 
or Tenth Circle may be delcribed from the South,and a number proper ther 


i 
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to aſcribe, viz. 10,20, 30, &«. Or alſo thoſe Selett Points anſwerable to the 


Points of the Marriners Compaſs. Eight whereof complete a Quadrantor 
SG part of a Circle, and to the Pas names — according 


a5 every Nation denominateth them. | 
- Laſtly, All the Uſes of the Vertical Circles may in ſome meaſure be hither- 


to transferred. ; 
To Deſcribe the Leſſer Circles. 


1. The Parallels of the Equator, 


r. Seek the Diſtance of the Parallel to be deſcribed at every hour {by 
Probl. 2) then making, the length of the Gnomon Radius, apply thoſe Tan- 
gents to the Hour-lines from the foot of the Perpendicular Stile for where 


that concourſe or interſe&tion is made, through that point the parallel will 
paſs, Bur ifa SeQtion appear uncertain or dubious uſe the A ix of Probl. 
2. that is, enquire in what Vertical Circle that Seftion ſhall ; which 
being known,if from that part ofthe Subſtilar Line which is convenient 


you torm the Angle of the Vertical in the foot of the Gnoman, you will have 
the preciſe SeQtion of the foreſaid Tangent and hour. 


By this means are to be deſcribed Parallels. 


1. Of the Signs of the Zod. 

2. Of the Diurn. Arches. | 

3. Of the Latitude of Principal Cities, whence you may know, whether 
the Inhabitants ofſuch or ſuch a Place be Anthiſcii, Heteroſcis,or Periſcii, 

4. The Parallels proper to every Feſtival Day, and ſuch like things. 


But the true Parallel proper to any deſigned buſineſs is firſt to be found our, 
and then to be managed according to the requiſites of Probl. 2. 


2. The Parallels of the Horizon, or Alinicantheras, 


The Almicanters are to be inſered into the Vertical Lines in theſarne rhan- 
ner as the Parallels of the Equator were into the Un, 
hour-lines. for the Tangents of the Diſtances SE ad} 
Io4d 1 


(found by Probl. 3.) ſet from the foot of the Gno- 
mon (to whoſe length alſo the Tangent 1s to be li- 
mitted)totheir proper Verticals, will give the Points 
through which the Oblique Line repreſenting the 
Almicanth. is to be drawn : —But if the Section 
appear daious, a remedy for this inconvenience 
may be uſed from the Appendix of Probl. 3, For 
th BN thence it will appear what Vertical Line numbred, 
irom the Vertical in the Plain V Z, ſball paG thro” 
that fame Section ; Which if (from that part of 
the Vertical VZ which you ſee moſt convenient) 
you expreſs ina due Angle framed at the foot ofthe #2 ©®? 
NA FF Gnomon you will have the exaCt point of Seftion. 3 4 4g 
Ne In this manner may be inſcribed every 10 Paral- 3? ?- 
le from the Horizon, thence ſo to be numbered by 
10, 20, 3o, &c. or from them ſome more ſele&, 3 p 
which will ſhew the Proportions of Shadows to * 
their Gnomons : ſuch as are theſe to be Numbred from 
from the Horizon. 
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SCIOGRAPHY. 
Of the Hours of other Nations, and how they may be put into Djal.- 


Plains. 


The Aſtronomers and Umbreans number equal hours from South 
to South. 

The Egyptians and Romans from Midnight, as we uſe alſo to do in 
our Civil Account. | 

To both theſe Computations thoſe hours ſuffice which we before taught 
how-to inſcribe. | ; 

| The Bohemians and Italians {till retain their equal hours, but begin their 
Numeration from Sun Setting. - | 

The Babylonians and Balcarick Iſlands begin from the Sun Riſing, 

The Jews were wont todivide every Day (and Night) into 12 Parts, the 
number whereof among them began ar Sun Riſing, and ceaſed at Sun Set- 
ting: The hours from Sun Riſing, and Sun Setting are eaſily inſerted ; if firſt 
theſe Parallels of the Diurnal Arches which anſwer to the like number of 
hours, (4. e.) 8, 10, 12, 14, 16, be deſcribed. For-the Sun Riſing in the Eaſt- 
erly Horizon isthe- beginning of the hours from the Eaſt. And his Setting in 
the Weſterly Horizon is the beginning of hours from rhe Welt. 

If therefore a right Line be drawn through the rwo firſt Horary Points 
from the Horizon in any two Parallels, it will be the firlt hour trom the 
Eaſt, or the 23 deg, from Yeſterdays Weſt. And if through the two ſe- 
cond Horary Points from the Horizon, a ſecond right Line be drawn, that 
alſo will be the ſecond hour from the Eaſt, and the 22. from the Weſt; 
and fo of all the reſt. | 

'The Jewiſh hours (which are alſo Planetary) are by the fame artifice in- 
ſerted : For if in the Parallels ofthe Diurnal Arches of the hours of « 5 and 
9, right Lines be deſcribed through each, there 4 here 4 from the Horizon, 
they will give the Judaick hours, which alſo will paſs exa&tly enough thro? 
the equal hours in the Equator ; For, 1t we look to the exattneſs herein, the 
Planetary hours cannot be ſhadowed out by right Lines becauſe in the 
Sphere they are not great Circles. 
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Concave and Convex 
SPHERICAL and CYLINDRICAL 


DIALLING. 


The Eighth TRACT ATE. 


— _— 


DE —_——— — 


FIRST, 


= 


Of CONCAVE DIALLING:; 
SHEWING, = | 


How to draw Hour-lines in the Inſide of any Re- 
gular Concave Hemiſphere in any. Poſition , 
either Parallel, Perpendicular, or Oblique to 
the Axis of the World : 


AND ALSO, 


To deſcribe the Parallels, Azimuths, Almicantars, and other 
Furniture into ſuch Concave Dials. 


treat) are the moſt natural Plains upon which Hour-lines may 
be deſcribed, for that they do ſo naturally repreſent the Sphere, 
and the manner how the Hour-lines and other Furniture ma 
be inſcribed upon them, is no leſs eaſie, and how both may be effeted, 
ſhall be the Work of this TraQte. 


ere CO 


fi ESE Regular Concave Hemiſpheres, (for of ſuch now we only 


—__— i. 


»*- @ # /a# Wl 
To make aVertical or Horizontal Concave Dial. 


Aving a Concave Hemiſphere pared : as, SN E W. divide |; 
ol Limb into 4 Quadrants, not the forme Letters; one of the Port 
ua n your ſfſes to the Quadrant, and 
the other draw the Meridiag or 1 wr, hour 
Ppp SZN. 


A 


rants divide into. go degr. 0 
ſttingone foot upon E or W.wi 


CT CCC C oelﬀlﬀk— _Uu_c_ IDW _y _ ©—  —  — — — 
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« Of CONCAVE DIALLING: 
S$ 77 N. take out of the Quadrant the Latitude 51 deg. 3o min. and ſet thoſe 
degrees upon the Meridiao frym S. towards Zto P. which P Shall be the Pole 
of the World ;*hen plating your Compaſſes wpon P. (theydeing opened toa 
Quadrant) draw the Equator E A W. which divide into 12 equal parts; 
Your Coutts ting oproal x balowo a Quadrum; an} ove tae 
placed in thoſe marks made in the Equator, with the other foot delcribe Cir. 
cles, which ſhall be the Hour-lines required ; the Stile muſt be ereQted inP. 
with an Angle equal $0 the Latitude ; equalto the wg of. 69 deg. of the 
Quadrant, the top muſt hang over the Centre 7. and be paraſlel with the 
Limb, -or. erect a Style in the Point Z of the fame length with the former 
which ſhall ſhew the hour with the Top only. 


| CAP. I 
Fo make an Ereft, Dire South or North Concave Dial. 


HIS Dial is made altogether hke the former , uy inſtead of ſet- 

| ting of the Latitude from S to P. you muſt only ſet off the Com- 

plement df the Latitude, and the Hour-lines only from 6 to 6, are de- 

{cribed thetein, the reft of the Hour-lines are reſerved for a Vertical Dial 
beholding the North. 


— 


| CH'AP. II. | 
To make a Meridianal Eref, Dire, Ea$t or We$t Concave Dial. 


Figure E T the Hemiſphere be 27S N G. the Limb being divided into four - 

I. Quadrants, one of thoſe into go deg. From N. upwards, and fromS. 

downwards, ſet the Latitude to P. then open your Compallesto a Quadrant 

one foot in P. with the other draw the Circle Q E A. which Semicircle di- 

vide into twelve equal parts, your Compaſs being opened ro a Quadrant, one 

foot placed in each of theſe marks,with the other draw Circles which ſhall be 

the Hour-lines required; asin the Figure, The Style may be a wire laid from 

PtoP. or a wire ereQted in the Center E equalto the Semidiameter of the 
Quadrant ; for better Inſtruction ſee Figure II. which is an Eaſt Dial. 

In the ſame manner is an EquinoQtial Dial made, only all the hours from 


ſix in the Morning till ſix at Night, mult be drawn, as the reſt above thoſe 
proper for the Bal or Weſt Dials are, and as the pricked hours g 8 7 and 6 
in the Figure are. 


Alſo the Hour-line of ſix, viz. the Line P.VT.P, muſt beP 12 P, and the 
reſt numbred as in the Figure is expreſſed and numbred with Arithmerical 


Figures. 


—_ _ CT ——_—— 
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CHAT. IV. 
T's make a Vertical, or Ere& South or North Declining Concave Dial. 


Figure VF Our Concave being prepared and quartered and marked with the Let- 
itt. _KSZNEW, Compaſſes being opened to a Quadrant, and one 
foot in £ or N, draw the Horizontal Circle E S W. take the Declination and 


prick 


of CONCAVE DIALLING. sg 
prick it down in the Horizontal Line from W to H, one foot of your Cotmn- 
paſſes remaining 1n H, being opened to a Quadrant deſcribe the Meridian or 
hour of XII, in which from Z'ſet off the Complement of the Latitude,or from 
its ny ge be og es om ot Loos off coed Latitude to P, otpona 
our Compaſſes in P, with the' theTompaſles beim: —_— ned't64 Qua 
lrant) draw the Equator QA A, and where its DR by the hour of 
12, begin to divide it into'12 equal parts, one foot of your Compaſſes being 
placed un each of theſe Poinrs, and being opened to a Quadrant, draw: Lines * 
which ſhall be the Hour-lines required ; for the Style, thar ruſt be ereted 
in the point P, and the topof it. mult paſs the Center of the Limb of 
the Concave and be equatto the length of 60 deg. of che Quadrant, or 
may ere the Style in the point 5 icular to 5, the lengdv equal os 
the former, which will ſhew the hour of the day with the very top of ir : 
fot your better inſtruftion fee Figure II, | Fre bur 
AL encoded OLE: + A TI ade ea AI6OR 64 44.103 Oh * 
- C H A P. | V. - 
To make a South or. North Reclining, Declining Concave Dial. 


Our Concave being prepared as before, quartered and divided, one Qua- Fige#t 
Y EWNS, 
Fi 


drantintogo deg, let the Concave be mark'd with the Letters V: 

rſt, Gre ha Horhous) mn ONE SN, from S ſet i dune 500m 
tion to H,one foot of the Compaſſes in H being opened toa Quad cribe 
the Horizon E M W, in which according to the Declinations Com. W or E; 
{et off the Declination, and one foot of your Com beiog in that Point 
with the other deſcribe the Meridianor hour of XII. from M, its interſeion 
with the Horizontal Line in the Meridian fer off the Latitude to P,fo P ſhall 


" Wl be the Pole; inP, with he Compaſſes opened to a Quadrant draw the Equa= 
- WT tor, and where it's interſefted by the Meridian, begin anddivide it into t2 
t equal parts, which you may do by 15 deg; of the QeCreas, foot Comyalts 
- I being opened toa Quadrant, ſerring one foot in each of theſe Points, with the 
© WM other foor deſcribe Circles, which ſhall be the Hour-lines ; for the 
© Wl Style ir muſt be ereted in the Point P, and come to the Center of the Limby 
1 WW and muſt bethe length of 60 deg, of the Quadrant, or you may as before 
© Wl crcQ a Style inthe Center L, of the ſame length to the hours with its 
2; for your better inſtruQtion behold the Figure. Sl 

, "I a ee CEA EIIEED > Re — rm mem nrne———___—_———_—_—_—— , 
- CHAP. VL | 

: To make a Polar Concave Dial. 


Polar Concave Dial is no other than an Horizontal Dial in the Lati- 
rude of go deg. and of all others is moſt eafie to be made, for if you 
divide the Limb of the Concave Hemiſphere into 24 equal Parts, and frotm 
the Center of the Hemiſphere (by help of a thin Ruler that will bead) draw 
ſtrait Lines to each of them, thoſe ſhall be the true Hour-lines. 

For the Style, it muſt be a ſtrait Wire, perpendicularly erefted in the 
Center of the Concave, whoſe ſhadow will at all times (the Sun ſhining) 
give the hour of the day, and the hours in theſe Dials muſt be nambred 


''om XII to XII. == 
CHAP. 
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CH A-F. YU. 


To draw the Hour-lines in a Concave, when the Azis cuts the He. 
miſphere into two unequal. Parts. 


Figare E T the Hemiſphere be A BCD, and the Axis A BE, on the Point E de: 
V. {cribea Circle, which begin and divide into 24 parts upon ſome Plain, 
and trom the Center E ; by thoſe parts draw Lines, which ſhall divide'the 
Circumference ABCD into 24 unequal parts, the Circle CE D muſt be 
divided into ſuch unequal parts, and they ſhall be the Points by which the 
hours muft paſs ; then for the finding of the Center by which the Hour-lines 

ſhall paſs in the Spherical Body, dothus : To find the Centers of 11. or x. the 
Hour-line of 11. is marked FG, divide the Circumference betwixt F and G 

into two parts at H, fo H ſhall be the Center for the drawing of the Circleof 

11, if E be the Pole, but if A and B be the Poles, then the Aiſtance between 
Fand H, or G and H ſhall be the Centers for drawing of the hours of ſeven 

and five, by placing one foot of your Compaſſes in 7 or 5, and turning the 
other foot into the Circle CE D, ſhall give the Center tor thoſe Hour-lines, 

and in like manner you muſt find the Centers for the reſt of the Hour-lines, 
The Stile, (if A B be the Poles) may be a Wire laid from AtoB ; butifE 
be the Pole,then you muſt ereft a Wire in the Point E, equal tothe length of 

the Line EB, as is done upon the Plain, or equal to halt the length of the 
Line AB. the top of the Style mult hang over the Point E, and beeven with 


the top of the Concave; ſee the Figure. 


CE 


CHAP. VIIL 


To draw the Hour-lines in a Concave when the Axis doth but vnly 
touch the Super ficies of the Sphere. 


F the Axis cut the Sphere in one point as P, and the Axis be perpendicular 
toP; for the drawing of the Hour-lines do thus, divide the Circumfe- 
rence or Limb into 12 equal parts, beginning at P; for the drawing of the 
Hour-lines divide the ſpaces betwixt P, and the interſeQtions of the Hour-lines 
in the halves, and thoſe ſhall be the Centers for the Hour-lines: Bur if the 
Axis be APX, then divide the Circle P M into fix equal parts; then to find 
the Centers divide the | betwixt the Pole P, and the Diviſions into 
halves, and thoſe Points ſhall be the Centers of the Hour-lines ; for your bet- 


ter inſtruQion behold the Figure. © Ces 
—_ 


of CONCAVE DIALLING. 6. 


<— 


” ——_— 


CHAP. IX 
To deſcribe the Furniture upon Concave Sun-Dials. {| 


SECT. I. Todraw the Parallels of the Sun's Declination,&c. in _— 
any Concave Dial in which the Azis paſſes through the Center. =_ 


—<H E-Equator being drawn, ſet off the degrees of Declination from . 
' the Equator in the Meridian of the Plain or Subſtilar both u J 
wards and downwards; then place one foot of your Cheats | 
- in the Pole;” and extend the other to thoſe you marked ; from the | 
Equator draw Circles, which ſhali be the Parallels of the Sun's Declination ' 
required, as for example, the drawing two Tropicks, which decline 23 deg. þ 
o min. from the Equator ; take 23 7 30 min. and prick it down, in the 
Meridian both ways, and place one foot of your Compaſſes in the Pole, 1 
with the other extended to the 23 deg. 3o min. deſcribe the two Tropicks, 
35 in Figure I. appears. 
| 


SECT. I. To draw the Azimuths or Vertical Circles. 


Ivide the Horizon into 180 deg. beginning where it's interſeted by 1 
]) the Meridian, if you would draw every 10 Azimuth, then you 

may only divide it into 18 equal parts, beginning at the ſame place; but 'f 
f you would only draw every 15 Azimuth, then divide the Horizon into , 
12 parts, beginning as before at the Meridian ; if you would draw the i 
Points of the Compaſs, divide the Horizon into 16 Þarts, then open your | 
Compaſſes to a Quadrant, place one foot in any of thoſe Diviſions, where | 
the other foot interſeRts the Horizontal Line ſhall be the Center for draw-- 
ng that Azimuth. 


SECT. II. To draw the Almicanthers. 


Aving found the Points of Zenith and Nadir,the diſtance of theſe Points 
tothe Horizontal Line into go deg, one foot being placed on one of 
- - 


Points, the other extended to thoſe degrees, Circles drawn from one = 


bu WJ —_— CC SF ws Sv” w " 9 


rogick to another ſhall give Almicanthers or Circles of Altitude. 
he Proportion of the Shadow to a Gnomon may alſo be drawn on the þ 
ame manner. 4 


SECT. IV. To draw the Planetary or unequal Hours in any F 


Concave Daals. 


Or the drawing of the Planetary or unequal hours, wb bow: deſcribed 

the Horizon, Equator, and the two Tropicks, divide that part of the | 

ogick which is intercepted betwixt its interſeQion with the Horizontal = 

Circle, into 12 equal parts beginningat 12, the Equator being before divided ' 

p £to 12 equal parts by the Hour-lines, Po your Compaſles toa Quadrant, |; | 
© Bo 19 One | 
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one foot being placed in one of thoſe Diviſions, move the other foot until 
you find the Center, which will draw both thoſe Points into one Circle; and 


draw Circles which ſhall be the unequal hours required. 


SECT. V. To draw the Hours from Sun Riſe to Sun Set, 
called the Italian and Babyloniſh Hours. 


Lace one foot of the Compaſſes in the Pole, and extend the other to 
the interſeQion of the Horizon and Meridian, and deſcribe the Pa. 
rallel of the Latitude, which ſhall be divided into 24 equal parts by the 
Hour-circles, place one foot of your Compaſſes in each of thoſe Diviſions 
(the Compaſſes being opened to a Quadrant) the other foot being placed 
within the Circle of the Latitude, in the Hour-circle which paſſes _ 


"the Point where the Compaſſes is fer in the Circle; making that t 


Centre deſcribe Circles from - one Tropick to another, which ſhall be the 
Hour-lines from Sun Riſe to Sun Set; and ſhall paſs by the InterſeRtion of 
the Hour-lines and the Equator. 

You may alfo draw the Circles of Poſition, the Signs in the Meridian, the 
Signs aſcending and deſcending, the Circles of Longitude, with many other, as 
the Parallels of the length of the Day and Night, the Parallels of the Sun's 
Riſings and Settings, the Day of the Month, and the Zygatack, 


SECT. VI. To draw the Equator, Parallels of Declina- 
tion, Fc. in a Concave Dial, when the Axis cuts it into two 
Unequal Parts, or at Oblique Angles. 


N that Point of the Axis which you aſſign for the Center of the 


World deſcribes 'Trigon of the Signs, or Parallels of Declination,&«, 


ſo the middle Point upon the Limb berwixrt thoſe Tnterſeftions ſhall be the 
Centers for the deſcribing of the Parallels, &c. 


T ſhall not need to give Examples, or make any Scheme for the farther 
iltuſtrating of what I have here ſaid concerning the in{cribing of the 
Furniture into theſe Concave Dials, for what hath been already deli 
vered in the Fourth, Fifth and Sixth TraQates, and that which fob 
loweth in the Ninth, Tenth and Eleventh Trattates, will make it 
very obvious to the meaneſt Capacity, and fo I will conchude this of 
Concave Dialling. 


SECOND- 


SY . 
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SECONDLY, 
Of CONVEX DIALLING; 
SHEWING, 4 


How to make a Dial upon the Convex Superficies of a Globe, which 
ſhall ſhew the Hour by the Shadow , which ſeparateth the En- 1 
lightned Hemiſphere Fn the Opacous. [| 


37 E Performance hereof is very ecaſie, for (the Globe being truly 
Prey if the Equinottial Circle, the two Tropicks, arid (if you 


S 

pleaſe) the two Polar Circles , which will be neceflary for orna- 

ment only to be deſcribed thereon,and the EqurnotZial divided into 
24 equal Parts, and Points, or Stars, or other marks there made, they ſhall be 
the true Hour-points: And if thisGlobe beſet upon a Neck or Pedeſtal, and 
the Poles of the Globe ſo elevated and depreſſed as to reſpect the real Poles in 
the Heavens, and one of the Hour-points, which muſt have the Number VL 
ſer to ir, to behold the Meridian of the Place, then willthe two XII. of Clock 
Hour-points behold one the Eaſt, and the other the Welt Parts of the Hori- 
zon; And then the Sun at all times ſhining upon the Globe,will Enlighten one 
Hemiſphere, and the other will be Shadowed, and wherethe Line of Shadow 
falleth amongſt the Hour-points upon the EquinoQtial,it ſhall there ſhew the 
hour of the Day in two places ; namely, one on the Eaſt, andanother onthe 
Welt Side of the Globe. And let this ſuffice for Convex Sphericals, 


"I "ur 


— 


THIRDLY, 


DRICAL DIALLING, : 


EITHER 


CONVEX or CONCAVE. 


Of CYLIN 


|. Of thoſe that fall in a Right Sphere, i. e. ſuch as lie Parallel to the 
Azis of the World, and their Baſes Parallel tothe EquinoGial. 


Our-lines may be drawn upon thoſe Cylinders with great eaſe and 

'S| facility, although in them there may be various Poſitions of 

the Axis. 

I. If the Axis fall in the very Centre of the Baſe of the Cylinder ; Then, di- 

vide the Circumference of the Baſe of the Cylinder into 24 _— parts, and 
draw Lines from the Centre to cach of thoſe Points, which ſhall be the 
Hour-lines for the Bale of the Cylinder : — And where thoſe a tx the 

- ircum- 
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Circumference, Lines drawn from them down rhe Cylinder”s Side, they ſhall 
be the true Hour-lines, which will be all parallel each to other. wh 

II. If the Point of the Axis fall not juit in the Center of the Baſe of the Cy- 
linder. Through that Point where the Axis falls, and the Centre of the Cy. 
linder draw a line, and with a pair of Compaſſes take the nearc(t diſtance 
from the Axis-point to the Circumference of the Cylinder, and with that 
diſtance upon the Axis-point deſcribe a Circle, which. divide into 24 equal 
parts, (beginning at the Diameter firſt drawn) Lines drawn from the Axis. 
point through every of them, and extended to the Side or Circumtference of 
the Baſe of the Cylinder ſhall be Hour-lines, and again Lines drawn from 
them down the Side of the Cylinder ſhall be Hour-lines alſo, 

TIT. If the Point of the Axis fall in any part of the Periferie of the Cylinder's 
Baſe, "Then divide the Circumference of the Cyl:nder's Baſe into 12 equal 

rts, beginning at the Axis-point;; Lines drawn from thence to the ſeveral 

oints in the Periferie of the Circle, and alſo down the Cylinders Side, they 
ſhall be the Hour-lines, | 

IV. If the Axis-point fall without the Baſe of the Cylinder, Then the di- 
ſtance between that Point and the neareſt part of the Periferie of the Cylin- 
der's Baſe being made Radius, and a Circle (or Semicircle) be thereon de- 
ſcribed, and divided into 12 equal parts ; then Lines drawn from the Axis- 
point, through thoſe Diviſions ſhall each of them cut the Periferie of the 
Cylinder's Baſe in two Points, from which Lines drawn from one to the 
= (each to his correſpondent) they ſhall be Hour-lines, and from thoſe 
Points, Lines muſt be drawn down the Side of the Cylinder alſo. 

More might be ſaid concerning drawing Hour-lines, and other Furniture 
alſo, upon Cylinders, and other Solid Bodies either Regular or Irregular, as 
alſo of Rings, Quadrants, Parallelograms and other Dials, which give the 
hour, &c. by help of the Sun's Altitude, the making whereof is ſo well 
known to every Artificer, and Maker of Mathematical Inſtruments, that 
nothing more of it need be faid in this place. And beſides the Precepts deli- 
_ - _ Fourth, _ ny Ninth y Tenth TraGtates hereof are 
O ampie, tnat it were but um agere, tOImay anyt more gOncernmmng 
theſe Matters : And fol concted3its Tra = *Y : 


v 


The End of the Eighth TRACTATE. 
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PROJECTIVE 


DIALLING: | 


CONTAINING, 


Several General and molt Eafie Ways to Projeft 
Hour-Lines upon all kinds of Superfictes ; whether Plain or 
Carved ; One or Many ; . Contiguous or Separate :- and - that 
without any regard had to their Situations, either in reſpect 
of Declination, Reclination or Inclination. 


|, AND ALSO, _ | | 

How to inſert all uſual Furniture into Sun-Djals, drawn upori 
ſuch Superficies ;. by the Joynt Uſe of the Horizontal Proje- 
Fin or Planiſpheres, and a Semicircle or Quadrant fitted E 
thoſe Performances. Su 


., - 
- " . 
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The Ninth TRACT ATE. 


Oe I EEE 


P ROE MEogomanmt: | 


T—H EF. Przcepts in this following: Traffete delivered; moſt” of ther 
(with little alteration ). are the, Inventions: and' Pratiites of the 

late Learned and Induſtrious Mr, Samuel Fofter, ſometime Aſftro- t 

»omical Profeſſor in Greſham College in London ; and ſome of them 

were Printed, .4»no 1659. in his Poſthamous Miſcellanies And others of his | 

(not there Printed) are here added, as they were tranſcribed out of a Mz- 

nuſcript of his, which (for the excellency of many thingstherein contained) 

he Entituled GO L D. Thoſe which.1 found there” concerning Projefive 

Dialling are here inſerted ; and others, which concern Reflettive and Refra+ 


#ive Dialling ſhall come in their proper places. -* ©. 

The Precepts in this Tra#ate being performed (for the moſt part) Meca- 
cally and by Inſtramental Operation, and-not by Geometrical Protrattion ; apt 
and proper Schemes or Dro canng, be.expetted to.every diſtinft Chapter | 
or Seztion, for that, to the Ingenious would be unneceſſary: And beſides, it is 
ſuppoſed the Reader tobe alread aCuanind at leaſt, in part) with what hath 
been delivered in the foregoing Tradtates.; and then, the Preceprs themſelves, 
without les will be ſufficient forthe underſtanding of what ſhall be de- | 
liver d in this 'Tra#ate: Notwithſfianding,There are in ſeveral placesIlluftra- | 
tive Schemes inſerted, by which, whatſoever is there only verbally ren, 
may be occularly diſcerned z nay, L 17" will give there Ight 40 the Ca-” 
| rr 


pacities 
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pacities of ſome men, than the Precepts themſelves. : Thus having given this 
Caxtion, I ſhall proceed to the Precepts themſelves, beginging wit 


Fi — 


GCGHAT.:þ 
A Deſcription of the Horizontal ProjeCtion. 


cles upop which they are projeQted. This here, is called Horizontal, 
ect: the Circles of it are projeQed upon the Plain of the Horizon: 
- the eye being placed in the Nadir-point thereof, upon the Superficies 
of the Sphere; the whole delineation of it may be deduced Geometrically out 
f the Horizontal Circle. But becaufe that way is in divers reſpe&s cum- 
Deoſbinie Abd not ſo accurate, I rather chooſe to make ſuch Tables as ſhall 
better ſuffice for the Work, which what they are, and the manner how to 
make them, ſhall now be declared. | 
To deſcribe the AquinoQtial and Parallels of Declination, belonging there. 
two Tables are requiſite eſpecially. The firſt, 15 tatell how far from the 
Oy each Parallel in the Projection is to cut through the Meridian, which 
y be called, 4 Table of Interſettions, The ſecond, is to find how far the 
Centers of thoſe Parallels do likewiſe ſtand fromthe Center of the Inſtrument, 
that ſo they may be deſcribed ; and this: Table may be called, 4 Table of 
Centers, And theſe two Tables are variable in every Latitude. 


Paz of the Sphere, are belt denominated from thoſe great Cir. 


SECT. I. To make the Table of Interſections. 


Ecauſe the Circle of the Inſtrument is the Horizon, and the Center the 
Zenith,and the Diameter the Meridian,and it is required to know how 
tar the Parallels are to lie from the Center : It 15 meet therefore, firſt to en- 
ire the ſame thing in the _— (viz) how many degrees each Parallel of 
be Equator, ”__ one to. _ _ _ on of the place, both 
the. South, and on O an, En. 
-M | < NY In this Scheme the Work will 
X be plain,wherewithe Cucle repre- 


AE 


ns EF IG o queſtion i then 
| £,the is 
NEE: 1 | how- thele two Parallels ar 
2... | bo; trom ths Zenith point Z 
1-50 185.1: $0. Be - -- xpuk Aha, cd 
PUT PTE ris "4 ' tow; l For an-- 
EDGE RY nn np nn 
Suthward, is the Latitude of the place (as of Landen, if you will 51 deg: 


20 MIN. 


v 


PROJECTIVE DIALLING. 
20 min.) and from Z toz, Northwards is the Supplement of that Latitude, 
viz. 128 deg, 3o min. Stare 
And theſe are the South and North diſtances of the Fn: or beginnings 
of Aries, and Libra, Then that A A, and AB, and foe C, and 4D, are. 
upon our ſuppoſition declining 23 deg. 3o min. from the Equator, Sothen if 
we take 23 deg: 30 min. out of XZ, the Latitude of the place 51 deg, 30 
min. there will remain A Z 28 deg, and fo much is the Parallel of Cancer di- 
ſtant from the Zenith of London on the South part of the Meridian, Again, 
becauſe Ze, is 128 deg. 3omin. and £ C 23 deg. 3o min. taking # C out of 
{L, there will remain 105 deg. and ſo much is the fame Parallel of Carcer*s 
diſtance from the Zenith on the North part. os 
Now for the South Parallel B D, belonging to Capricorn, add Z A. 51 deg. 
z0 min. to X.B 23 deg. 3o min. the ſum 15 75 deg. ſhewing the diſtance of 
Capricorn from the Zenith on the South part of the Mertdian, to be 75 
deg. and Ze 128 deg, 3o min. added to « D, 23 deg, 3o min. gives the 
dittance of the ſame Parallel of Capricorn from the Zenith to be 152 PRgrncs. 
So again, if we ſuppoſe E F to be a North Parallel of the beginning of Leo, 
and GR of Sagittarius, each of which decline from the Equator 2a deg, 13 
minutes. Take A A. 20 deg. 13 min. out of A Z. 51 deg. 3o min. there re- 
mains E Z, 31 deg, 17 min. the diſtance of the Parallel of Leo from the ZenutH 
of London, and A Gene « F 2odeg, 13 min. taken: qut of 4Z 128 deg. 30 
min. leaveth Z F, 108 deg. 17 min. for the diſtance of Leo from the Zenith, on 
the North part. Then for G R, the South Parallel of Sagittarizs, add G A, 
20 deg. 13 min, to A Z, 51 deg, 3o min. the ſum is R Z, 71 deg, 43 min. for 
the South diſtance : and if £ R, 20 deg, 13 min. beadded alſoto « Z j 28 deg. 
30min. itwill make ZR 148 deg, 43 min. the North diſtance of Sagittarims: 
In like manner, the beginnings of the Signs Virgo and Scorpvo, declving II 
deg. 3o min, from the Equator, will give their diſtances: for Virgo 40 
i, 6 orth, 117 deg, South, for Scorpio 63 deg. North, 1 40 d 
he like computation muſt be made for the Parallels Dec , be- 
longing to each fifth degree of the fore-named Signs, 'if you would have the 


Diameter of your Inſtrument to be about half a Fat : but, ip | would 
t 


have it a foot (which is better) you may compute for each ree of 
the oy ym : 
And fo having framed a Table of fix Columns, and written dpwn the 


CharaQters of Szgns in the firft, and your numbers fo prottuced intotheſecond 
Column, as in this Example, made for the beginning only of each Signſhews- 
e&th, you may proceed in this manner. | 

Write the halves of eah of thoſe Arches forward into the third Column 
of your Table, and in the natural Canon of "Tangent, look out the par- 
ticular Tangents belonging to each of theſe laſt Arches, or halves, and ſet 
them down 1n the fourth Arun and the ſuperiqur df them alſo intothe 
lxth Column. % 

The ſuperiour Tangents in every cell of the fourth Column and ſaxth 


Column, do make one of the Tables which is required, namely, the Table 
of Interſeftions. ot 


SECT. I. To make the Table of Centers. 


the fourth Column, and write the fums in Column, theſeare 
the Diameters of the ſeveral Parallels. ' And if you take the half of each 


of 


OR theeffeRing of this, add the rwo numbers ftagding in every cell of 
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of thoſe numbers, and write them in the ſixth Column; under the numbers 
there already placed, you ſhall then have the lengths of the Semidiamgters of 
the ſame ſeveral Parallels. And laſtly, if from each of theſe Semidiamerers, 
you take the Tangents of the fourth Column, which were before tranſlated 
and are already ſtanding inthe ſixth Column, every couple as they ſtand,then 
ſhall you produce the diltances of the Centers of every Parallel,ftrom the Cen. 
ter of your Projection; which is the thing now required. Ando the num: 
bers of the ſecond Table are made up alſo. 


See here the Form of the whole Calculation. 
The Firſt Table. 


Arches | Halfs | Tangent | Diamet. | 

'# | 200] 14007 24932] 155o54f 249%} 
EIEIEIPT FT 
« | hee] on] pt 099534] Joutl » 
= | aaa oat 255555] 9694] x | 


| 


6128 
336027 | (68613) > 


M 


m | $3-00| 31.30 61250 
140.00 | 70.00 | 274747 


+ | 754303557} 72255] 120211 | 72255] = 


| 
— — 


148.43 | 74-21 356956, cane] 0 
Ds | ET _ 
75-00] 37.30| 76732 760732] 
P [152.00 IX. 401078 477810 238905 } | 
A — — 
2 Col. | 3Col. | 4Col. | 5Col. | 6Col. 
The Second Table. 
Tb. of Centers. | | Tab.of Imerſed. 
52695] S | S | 24932 
55165] ax (| a | 2798; 
63394] > | | ® 1 36397] 
79543] Y | = | 45234] 
106733] « | | ® 61280 
042399 | as 7 72255] 
162173] » | | » | 76732] 
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How to thake the Table of inirfeSienng def Centirom more fally. 


- -251p4T | 
AK E half the com lement of your | and it 
ARE kf perks ao iodering & | 


and fer chis at, bor Fhawy in the eppermote 

co Cancer oo deg. and for better diſtinction, note them with A and B. 
rwo numbers are for the firſt point of Cancer), and .arg as Radical N umbers, 
by Lo Ip of which all the reſt are made. ' 


o theſe rwo numbers A and B, add ſuch numbers of rhe Fable follow- 
ing asdo ſtandar ſuch degrees (of every Sign) as'you intend to put. into. your 
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rojeRtion (as in a large one yy zo inches diameter, you mg every de- 
= pa each two a ng" for one of. 15 inches, or-each third, for: 10, 
or each fifth. & 


aſt ProduRts in one cell, ſo ſhall you make up r umn of Arches, ſuch'as 
inthe following Table made for the Latitude of ; I deg; zo min rot e begin- 
7 of cach-Sign, only for an example. + - 

For theſe Arches of the firſt column, ſet the Tarigents belongiogthete - 
to, 4 Ja cp in the ſecond column by the numbers C and D, &+. | .. 
for the third column of Diameters, and Semidian it is thus 
pred, add the two Tangents ſtanding together in each bent: the 
of them in the third column, in the fame ne line with the u a ho 

ſecond column ; So ſhall theſe ſums.bethe Diameters of Zou 


or- {ix inches diarneter) and an ety theſe - 


option as do paſs thr the above-mentioned deg Ae 
Freppoin, SED a together, make E: CH nel T. [:M make J 
number c 


5. If half theſe Diameters be taken, by a Bi-ſction of the Diameters he- 
fore found, the ſame will be the Semidiameters, and are t9 ſtand in the-lame 
third column, as the ſecond line in each cell ſheweth; $9 E being Bi-lcQied 
makes F, I makes K, N makes O, &c. From theſe the two 
bre-mentioned Tables will be excerpted in this er. ? 

6. The inferiour Tangents of each cel} in the ſecond column, are the very 
oumbers which do make up the Table of InterſeQions. Ifth, therefore, 
be only tranſcribed, you ſhall have the ſame Table FOR & as HM, &c.'in 
the ſecond column beiog tranſcribed, will make up PQR, &c. the Kul able 
of Interſeftions. 

7. The differences of the inſcriour numbers of the ſecond and third 00- 
lumns, being gathered into the particular cells of the Table of do 
make up the numbers of that ſame Table; So D taken from F, makes.S :H 
aken from K, gives T : and M from O, makes V : &%. And thusarethe two 
Tables to be — up. 
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PROJECTIVE: DIALLEING jr 
The Table of Centers, for the Latitude of 51 Degr. JO Min. 


This Table ſheweth how far the Centers of every of the for- 
mer Parallels, are from the Center of the Horizpntal Cirs 
_ cle in the Horizontal ProjeQion. : | 


ll. — 
—— 


S 5269 | 5519 | 0329 7954 |"106 Z 14235 

I 5269 | $535 | 6380 | 8026 |- 10789 | 14342 | 

2 || 5269" | 5554 | 6418 | bogg | 10897 | 144 54--* 
|; || $272 | 5573 | -6460 | 8173 | 11006 | 24562 | 

4 || 5274 | 5593 | 6502 | B24g | 11129 14674 | 

5 || 5277 | $612 | 6545 | 8326']- 11243 | 14787 | 

6 2 '5631 | 6589 8404 11359 | 14883" 

lo | 2 : 6033 8484. | 211477 2496 \ 

$ 6678 | 855 | | 11586 | 71 
=r | 6724 | 8641 ] 11709 | 15197. 

10 | 2275 $726 | 11834 | 15258 \ 

r2 | ' 6826 | 8812 | 11949 | 13359 

I2 5308 5770 { 6874 | - $899 4.12066 {| 15441 

13| |, 5315 | 5794 | 6922 8981 |] 12185 15503 

14| | 5323 | 5320 | 6976 | __ _12306 | 5587 | 126 
15] | 5330 | 5849 | 7026 | 9165 | 12430 | 15650 || 15 
16 5340 | $876 7082 9252 | 125 6 1 1573S | [74 
17] | 5350 | 5904 | 7138 | 9348 | 12684 | 15799 | | 13 


18] | 5359 | 5933 | 7191 | 9438 
5369 | 5961 | 724 9538 | 22918 | 15907 | |11 
20 $379 | 5994 | 730 9682 | ,13053 | 15973 or] 


21 5390 | 6023 | 7369 9727 | 13175 | 16017 
22 5402 | cog 7439 | 99333 I32 | 236061 [18 
000 | 


234 | 5415 7487 | 9932 | 13411 | 16083 | 
24 5428 | 6120 | 7550 | 10034 | 13539 | 16128 
25 5440 | 6154 | 7615 10137 | 13653 | 16150 


25 | 5456 G1 9 7980 I'O242 | I3J770 | 
”y | $472 6228-1 7747 1034 13888 - 16195 f 
| 7 


17 5487 | 6263 15 | 10458 | 14007 | 16217 | 
[29 5503 6303 | 7884 | 10560 | 14129 | x6217 | 
— | —— — — — $4 nee] . 
307 | 5579 6339 | 7954 00008" 14235 j 30219 4 
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| And here, it muſt not be forgotten; thar the Precepts of making up theſe 
ables, are proper to thoſe Latitudes that exceed 23 deg.zo min. Bin thoſe 
itudes, which are leſs than 23 deg. 3o min. ſome North Parallels will oor 
mterſeCt upon the South part ofthe Meridian at all, but altogether upoathe 
North;and then,for ſuch Parallels,cheirNorth Declinations muſt not be taken 
out of theLatitude,but theLatitude out of them,and fo theSuperiourArches of 
the ſecond Columa will at firſt decreaſe in ſuch Latirudes, and after again ig- 
creaſe,and the Diameters in the firſt Column(for ſuch Parallels as are altogy- 
ther North, of which only we now ſpeak) muſt be made by the Differences 
(not Sums) of the Numbers of the fourthColumn ; And the Sums (notDiffe- 
7h | rences 
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PROFECTIVE DIALLING: 
ences) of the Numbers in the Sixth Column, give the Diſtances of the Cen- 
ers of ſuch Parallels we now mention, from the Center of the Inſtrument. 
Now to know how many degrees of Declination will interfeCt both Lines on 
the North ſide of the Meridian; in a North Latitude is eafie : Namely, all 
thoſe Parallels whoſe Declination from the Equinottal is greater than the 
Latitude, and none elſe. And for thoſe only, all this caution is made ; The 
et of the Table for other Parallels muſt be finiſhed as before preſcribed, and 
what is true here of North Latitude, and North Parallels, is reſpeQtvely 
true of South Latitude, and South Parallels; 


SECT. III. The Delineation of the Parallels upon” the 
| Inftrumett. 


"A Fter you have deſcribed the Circle upon the Horizon (which is to con- 
A tain the whole Work) and quartered the ſame, and ſet out partitions 
r the limb, to divide it as the uſual manner is into 360 deg, you are to make 
2 Decimal Scale of the ſame length, with the innermoſt Semi-Diameter 0 
jour Inſtrument, for this Scale by help of your Tables will pitch out the 
whole Work. by | | 
' For looking firſt into your Table of InterſeQtions, ſee what the firft Num- 
her there is, namely, 24932, take this in your Compaſſes upon your Decimal 
Sale from 2 forward, as the Letters of 4 and 6 do declare; the ſame length 
of a 6 will reach upon the South part of the Meridian, from Z the Center of 
your Inftrument unto A upon the Meridian Line, which gives the Point of 
Interſe&ion between the Parallels of s, and the Meridian.” Sothe ſecond 
Number being taken in your Compaſſes from the Decimal Scale, will give 
the length Z'c, ſhewing where the Parallel of & and rs to paſs through 
the Meridian. The third Number fo ordered, will give the Point z, the 
fourth o, the fifth «, the ſixth »», and the laſt will give x, where the reſt of 
the Parallels of m and s, = and y, mand X, 4 and =, and laſtly w, muſt 
nterſet with the Meridian. 

After theſe Points of InterſeQtions, you are next to prick down your Cen- 
ters anſwering to them. For the firſt Numberin the Table of Centers being 
taken from the Decimal Scale, and pricked down upon the North part of 
the Meridian from Z (towards N) and it will reachto A. And fo the ſe- 
cond Number will be extended from Zto E, the third from Z to], the fourth 
to O, and the fifth «o V, the fixth to M, and the ſeventh and laſt to X. 

Having gone thus far, the reſt will be eafie; For if you ſet your Compaſſes 
from A, the firſt Center, to « the firſt Interſe&tion,, you may deſcribe the firſt 
Parallel of Cancer : And ſoif from E the ſecond Center, you extend toe the 
kcond Interſe&tion, you ſhall deſcribe the ſecond Parallel paſſing through e : 
and fo forward with the reſt, having due regard to every Interſection, with 
his proper Center : And thus are the Parallels to be deſcribed, am which 
that which paſſeth through o, is the AquinoQtial, and if it be true done, will 
paſs through W and E, each tenth Parallel muſt be diftinguiſhed with ſome- 
what a bigger Line than the reſt, and where every fifth or third will not 
come 1n f- want of due ſpace, as about Caxcer and Capricorn, where they 
grow cloſe, there may you put in every fifth'or tenth only, whuch will ſerve 
In thoſe narrow ſpaces as well as more. 
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S.E CT. IV. The Delineation of the Hour Circles, 


Irſt, you muſt prick down the North Pole (which in'our ſuppoſition is 
elevated 51 deg. 3o min.) in this manner. Take the Complement of 
the Latirude, viz. 3b deg zo min. and half it, which will be 19 deg. 15 min, 
ſeek then the Tangent of 19 deg. 15 min, you ſhall find it tobe 34921, take 
this upon your Decimal Scale, and prick it upon the North part of the Me. 
ridian from Z, towards N, you will find it to fall in P, that Point P therefore 
is the North Pole in this Proje&tion,through which all the Hour-circles now 
to be drawn mult paſs. 
The firſt hour Circle to bedeſcribed is the hour of ſix, upon which all the 
reſt have their dependance ; now to effeCt this, you are to look for the 
of your Latitude (which is as before 51 deg. 3o min.) which will be found 
to be 160638, this Number taken out of the Decimal Scale muſt be exten. 
ded upon the South end ofthe Meridian from P,and you ſhall find it will reach 
unto B; upon Brherefore as your Center with the diſtance B P, deſcribe the 
Hour-circle of 6, which, if all be right, will paſs through the Points of R 
and W exaQtly, where the EquinoCtial alſo cutteth, if it bejuſtly deſcribed; 
now through the Point B, with the Center of this hour of 6, draw the ink. 
rite Line C BD, both ways perpendicular to rhe Meridian ZSB, for upog 
this Line ſhall ſtand all che Centers of the other Hour-circles , which to de 
ſign youare to work thus: 
Make a fecond Decimal Scale, equal in length toBP, the Semidiameter of 
the hour of 6, then by help of the Canon of Tangents, take out of this 
Scale, firſt, the Tangent of 15 deg..or 1 hour, which will be 26794, and 
ick it down upon the infinite Line C D, both ways from B to F, and from 
to G; Again ſeek the Tangent of 3o deg. which is 57735, and takeit in 
the ſame Scale, and prick it down upon the Lice C D, both ways to H 
and I ; Thirdly, ſeck the Tangent of 45 deg. 100000, which ſet as before, 
will juſt reach to C and D. Thea fourthly, the Tangent of 60 deg, 173 205 
will ſo reach to K and L: Laſtly, ſet the Tangent of 75 deg. which is 
73205, fromB toR, and fromB to T. This done, if now you fer one 
t of your Compaſſes in F as Center, and open the other cothe Point P in 
the Iaftrument, you ſhall deſcribe the Hour-circle of 7, on the Eaſt fide of 
the Meridian, and carrying one foot with the fame extent unto G,will reach 
_ * The Line unto P again, which {wept on the other fide , will deſcribe the hour of 5. 
Fad ne * 1122 Soalſoin the ſame manner may you deſcribe from H and I, as two Centers 
xizely exrended Of the hour, of 8 and 4, paſſing through the ſame Point P; And upon the 
PR OG Centers CandD as betore, you may deſcribe the hours of g and 3 ; * And 
fore (for wars from K and L, the hour of 10 and 2. Laſtly, from R and T, the hours 
of room in tbis-of 12 and 1, all which are exaQly to paſs through P the Pole ; And fo the 
Place) FX 17" Tike is to be done for the half hours, <<. | 
LT -ould xo& Thus have we done with thoſe Lines which do properly belong to the 
be in 1h F- Projettion:: but becauſe the Inſtrument, if it paſs thus, will not performall 
lar a 1tes the uſes for which it is intended, I have therefore added other Lines to it, 
rue Torgers which may well ftand withour defacing any of the Work, the deſcription 


<e; 9'*- whereof is 12 brief, as followeth. 


PROFECTIVE DIALLING: 
&ECT. V. The Deſcription of what Lines are added to the 


Projeion, which vary not with the Latitude , as the Proje&ion 
it fa doth. Kb: | 


Ount from N to s and S, both ways upon the Limb, the Sun's greateſt 
Declination 23 * deg. and draw the Chord s S, then look the Secant 
23 deg. 3o min. in the Canon of Secants, which will be found 109044, 
take this upon your firſt Decimal Scale, and prick it down upon the Meri- 
dian from Z, to h, then again ſetting one foot of your Compailes in h, open 

the other to s, and deſcribe the Arch S, 9, w - .  . + 
| Again, Having obſcurely drawn the croſs Diameter of Eaſt and Weſt,take 
ſo much of it as may conveniently be uſed on both ſides the Center, namely, 
Z S, and divide it 1nto 11 equal no and of the ſame equal parts let Z 7 
upon the Meridian contain 12, then draw the two ſtrait Lines y S, on both 
ſides of the Meridian : theſe may be called the Triangular Lines, to diſtin- 
guiſh them from the reſt : Thus ate all the Lines to be drawn, now follows 

' the manner of their Diviſion. 


SECT. VI. The Diviſion of the Triangulat Lines. 


Ivide each of thoſe Lines firſt into two _ parts at 6 and 4: then 

again divide each of thoſe halfs b y b s, 4 =,-d S into 45 ſuch parts 
25a boo oe Line of 45 deg. or a Radixs of that length would require., fo 
ſhall each of the whole Lines contain go parts,unto each 3o Diviſion where- 
of are the CharaRQers of the twelve Signs to be ſer. 


SECT. VII The Diviſton of the Arch and Chard. 


N the Limb of your Inſtrument , number the Complement of Lati- 
tude from N to p, and draw the infinite Line Zp, then prolong 
the Chord s and w both w_ {hall it meet with Zp, atz; Now to 
the Radixs b n, deſcribe He _— nkr, _—_ the Meridian exten- 
ded at k, and divide this Semicircle into x80 Equal parts, or degrees ; 
which done, if you firſt draw right Lines from each d thereof to 
the Center 6b, and beyond, till it croſs through the Arch divided in the 
Inftrumeat, (as you ſee each zoth degree in the Scheme doth) you ſhall 
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SECT. VIII. Of the Ruler. 


Here remains only a Ruler.to be fitted to the Inſtrument, the breadth 
whereof may be as you will, about the 1orth or 12th part of the 
length, and the length to reach over as a Diameter to the whole — 
ou muſt take care that the fiducial edge be very ſtrait, and at the middle 
it a little Semicircle left, whoſe Center A, being truly placed, upon the very 
middle Point of the fiducial Line muſt be pierced through with a ſmall hole, 
that ſo it may be fixed through it, to the Center of the Inſtrument at Z, 
Next of all, youare to fit the Ruler for the Graduation, which is done by 
drawing two Lines parallel to the fiducial edge; one very near it to receive 
the degrees, the other farther off, to receive the Figures for DiſtinRion, and 
Numeration. 

For theGraduation of it, ſet off the length A B both ways from A, equal 
to ZN, theSemidiameter ofthe innermoſt Circle of the Planiſphere, .which 
is alſo equal to your firſt Decimal Scale; then the eaſieſt way to graduate it 
will be by the joynt help of the Canon of Tangents,and your Decimal Scale,in 
this manner ; look into the Canon for 45 deg.and it will be x00000, equal to 
the number of the whole Scale, and thoſe are ſignified upon the Ruler already 
by AB, AB; then look halt a degree leſs, namely, 44 3 whoſe Tangent is 
98 269, take that out of your Decimal Scale with your Compaſſes, and letti 
one foot in A, with the other draw the firſt Diviſion, between the edge ==. 
the lel Line next to it, upon both ſides the Center A ; "Then again, Look 
the Tangent of halfa degree leſs, viz. 44, whoſe Tangent is 96568, which 
take off, and ſet it both ways from A, as before, and thus proceed by half de- 
till you have gone down through the forty five firſt wholedegrees of the 
on, and then you ſhall find that you have inſcribed twice 45 degrees, that 
is go parts upon each half of the Ruler, which repreſent ſuch degrees as here 
are required, every 1oth and 15th of them muſt be diſtinguiſh'd from the 
reft with a longer Line, and numbred inwards towards the Center by x 0,20, 
3o, &c. to go, as in the Figure ſufficiently appeareth. After this is ende 
you are to pin down the Ruler to the Inſtrument, as 1s before ſhewed, 
then will your Planiſphere be fitted to the uſes which now follow. 


_ 


CHAP. Il. 
An Explanation of the Circles, and Lines in the Proje&ion. 


4 E Limb of the Planiſphere repreſenteth the Horizon of the place 


for which it is made; 'The Diameter NS ſtands for the Meridian 

1. - whoſe SeQtions with the Horizon at NS, fignifie the North and 
South Pointsof the fame Horizon, and the Points W and E, being 

each a quarter of the Circle diſtant from the former, do repreſent the Points 
of Eaſt and Weft,and a Diameter drawn through them and the Center,is the 
prime Vertical or Eaſt and Weſt Azimuth; The Center noted with Z, figni- 
hes the Zenith or Pole ofthe Horizon. The Ruler therefore, being fixed there- 
to, ſhall repreſent any Azimuth, or Vertical Circle, all which do paſs through 
the Zenith Point, and the degrees and numbers upon the Horizon, will ſhew 
what Azimuth from North or South, the Ruler being fixed at any = 
od 7 repreſent. 
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PROFECTIVE DITALLING. 
repreſent. "The degrees upon the Ruler denote the degrees of any, or all the 
Azimuths, and ſo perform the Office of Almicanthets, or Parallels of Alti- 
tude above the Horizon. = | 

Within the Proje&tion it ſelf, the Point P upon the Meridian ſignifies the. 
North-Pole, and all the Circular Lines meeting there, (but ſpreading over 
the whole Superficies) are the Meridians of the Sphere ſuch as ſtand & r the 
hours of the place, according whereunto they have their Figures ſet upon 
them, ſhewing what hour each of them ſtand for. | 

The Paralleſ: which croſs through the Meridian, or Hour-circles, are the 
Diurnal Arches of the Sun at ſeveral times of the year; There are ſo many of 
them drawn as the Inſtrument will well contain, the reſt muſt be ſupplied 
by imagination to paſs between them that are drawn; even ſo many as may 
anſwer to every degree of the Ecliptick. And according to that ſuppoſition, 
each 3oth deg. or Parallel hath ſuch Characters, orSigns annexed unto it, as 
it doth cut through in rhe Ecliptick, and the intermediate Lines ſtand for 
thoſe 30 Parallels that paſs through the 3o degrees of each Sign, and accor- 
dingly tnuſt be eſtimated, -and numbred. S 


% 


he other Lines which are inſerted, are not properly of the ProjeQtion, 
neither ſhall any explication of them be needful, morethan when it is treared 
to ſhew the uſe of them. 
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The Uſe of the Planiſphere, digeſted into ſeveral Propoſitions. 
Q:: of the Propoſitions of this Chapter have been delivered by others, 


— 


what I have added of my own, or omitted of theirs, may eaſily be 
found by comparing their Books with this. Their only ; Baru be- 
ing barely to perform theſe things upon the Inſtrument, and to go 
no farther ; that uſe indeed may be made of this Chapter, but my intent is 
beyond theſe, for that which 1s here performed 1s premifed only, and pre- 
pared for what is to be done in the next Chapter, which is the only aim and 
ſcope, which thele three firſt Chapters drive at. 


SECT. I. To find the Degree of the Ecliptick that the Sun is 
in every day, and the Parallel belonging to it. 


"ta may know the degree of the Sun inthe Ecliptick Gif no better way) 


well enough for your purpoſe by remembring the day upon which in 

every Month it entereth into the ſeveral Signs, and allowing the motion of 
It, to be one degree every day, ſo ſhali you know how many degrees 1t is gone 
Into any Sign, or how many degrees 1t wants to come to the beginning of the 
dign,as Azg. 7th I know the Sun entreth into MX the 13th day, and that the 7th 
day wants ſix days of the 13th : Therefore I conclude the Sun to want fx de- 
grees of Mz, and foto be.in the 24thof a; And again, for Aug. 16, becauſe 16 
5 three days more than 13, (the day of the Sun's entrance into) therefore 
I fay that the Sun is in the third degree of : And theſe Notes give (near) 
their beginning, Jar. 11 , Feb. 8 x, March to Y, April 10 &, May 11 1, 
June 11 S, Jul 13 vt, Ang.13 Mm, Sep.13 =, Ofto, 13M, Nov.1z 4, EL, 
Uuu N 
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Then to find the Parallel for 7th of Azga# is not hard ; For if you remem. 
ber every Sign hath 3o Parallels upon the Planiſphere, (either expreſſed or to 
be ſuppoſed, or ſupplied by imagination) you may accordingly find where 
the 24th Parallel from « to ne is to be placed, and foimagine a Line to run 
all along even with the reft, and the ſame ſhall be the Parallel of the day, and 
the like may be done for all the days of the Year. 


SECT. H. At any time to find the Sun's Azimuth, 


Bſerve the Sun's Altitude, ot in what Almicanther the Sun is by.a Qua. 
drant, or otherwiſe, as isſhewed in the fourth Chapter by the Semi. 
circle, count this Almicanther or Altitude upon the Ruler, and (keeping it 
upon the due Coaſt from South, either Weſtward, or Eaſtward, according 
as you made your obſervation either 1n the Morning or Evening) move it till 
the Altitude thereon numbred, do meet with the Parallel of the day where. 
upon your obſervation was made, and there fix it, fo ſhall it lie in the 
ſame Azimuth wherein the Sun at the time of obſervation was,and the Num. 
bers in the Horizon or Limb, will give you how many degreesthat Azimuth 
is fromthe South, if it ſhall be required : Example, at London, Latituge 514, 
obſervation made Amy. Seventh, the Sun in & 24, Altitude 35 Evening, Pa- 
rallel & 24, Azimuth 65 ;. 


SECT. II. Lo find at what Altitudes above, or Profun- 
dities ( or Depreſſions ). under the Horizon , every Hour-circle 
cuts upon any Azimuth. 


He Ruler being laid to the Azimuth, as in the former Propoſition, or 
otherwiſe, will ſhew the things required of it ſelf, As ſuppoſing the 
Azimuth to be 65 5 from South toward-the Weſt, as was now found our, 
then ſhall the hours above the Horizon cut thoſe number of degrees and 
minutes. Namely, 12 cuts go, as it ever doth, 1 cuts 79, 2 cuts 63, 2 cuts 
43, 4cuts 17 3 deg. and thele are to be accounted Altitudes above the Hori 
zon,: then out of the other part of the Ruler, 5 cuts 7 deg. 6 cuts 27 4, 7 cuts 
42%, 8, 53,9, 63, 10, 713, and 11 cuts 8 deg. below the Horizon, And 
note ever, that trom the Center of this Inſtrument towards that part of the 
Ruler whereon the Altitude of the Sun, and parallel for the day do interſeQ, 
I fay on that halt of the Ruler the Interſe&tions of the hours are to be ac- 
counted Alritudes from the Horizon to the Zenith of thoſe very hours that 
do interſe&t : On the other part of the Ruler theSeftions are tobe eſteemed 
effions, or Profundities under the Horizon down to the Nadir, not of 
thoſe hours that do interſect the Ruler on that Coaſt as they are placed on 
the Inftrument, but of their oppoſite hours 1a the contrary part of the Hea- 
vens; which they may well do becauſe each oppoſite hours are equal in this 


reſpe&, one to the other; and fo in our Example though 5, 6, 7, &s. hours 


lie upon the North-Eaſt part of the Horizon upon the Morning, yet by them 
you are to underſtand the ſame hours of 5, 6,7,&c. on the South-Weſt part 
of the Heavens on the Evening tide. 


SECT. 
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SEC T.-IV. To find what Number of Degrees each Hour beareth 
| from 12, upon the Limb or Horizon f the Inſtrument, 


"His is eafie to be done, for in a Projeftion for Loxdoz ; you ſhall find* 

11 and 1, to bediſtant from 12 at Noon, 11 deg. 51 min. 10and 2 are 
diſtant 24 deg. 19 min. 9 and 3, 38 deg. 3 min. 8 and 4, 53 deg. 35 min. 7 
and Fs 61 deg. 6 min. 6 and 6 are diftant go degrees. So hikewile, you may 
find 5 in the Morning, and 7 at Night, to be diftant upon the Horizon 
from the South 1098 deg. 54 min. and 4 inthe Morning with 8 in the Even- 
ing to be diſtant 126 deg, 25 min, the uſe of this Propofition will appear in 
the next Chapter. | Fr” 


SECT. V. To find upon the Planiſphere, 1. The Parallel of 
the 12 Signs. 2. The Parallel for every length of the Day. 
3. The Parallel of every known Declination. | 


I, Ft the firſt, which are the Parallels of the beginnings, or any other 


part of every Sign, the Inſtrument it ſelf will ſhew readily, be- 

caule there are the CharaQers of the Signs annexed to them , and theſe 
Parallels are ſo framed that they anſwer to each degree of rhe Ecliptick, 
as in the ſtruQuure of the Inſtrument is declared, and in this Chapter, Pro- 
poſition the firſt, | 

2. For the Parallels noting out the juſt length of day, look into the Arch 
and Chord mentioned Chap. 1, Set#. 7. for thoſe two Lines will help youin 
rhis fully after this manner. Let the day be 14 hours long, take 3 that 
or WF length, viz. 7, that ſhews the time of Sun-ſetting ; to this time reckoned 
he W in te fame Chord now mentioned apply your Ruler, ſo ſhall it fhew you 
n, W upon the Arch, the place in which the Sun is at that time when the day 
nd is 14 hours long, which is & or 9, 29 at Londow, If then according to 
ts W Propoſition x. in this Chapter, you look for that degree of Tazras x, or 
ri- Leo 29, amongſt the Parallels there wy you affirm the Parallel for that 
ts length of the day to paſs along, fo if the length of the day had been 
nd 10+ hours, half that length 5 4 ſhews the time of Sun-ſet. It there- 
he £ fore you look upon, the Chord of 5 hours 15 minutes of an hour, which 
&, is as much as 34 deg. and thereto apply the Ruler, you ſhall find it 
ic- © to cut upon the Arch of = 22 or x 8 degrees, which are the degrees of 
at the Ecliptick wherein the Sun being makes the day of xo hours and 
30 min, length, | 
of 3. The manner to find the Parallel upon your Inſtrument anſwering to 
on | any known Declination, may be ſeen by an Example. Suppoſe the Decli- 
ea- | nation from the EquinoRtial to be 15 4 deg. Northward, count that Decli- 
his Þ nation upon the Limb of your Inſtrument from N towards W, and thereto 
urs 8 lay the Ruler, which will alſo immediately ſhew you upon the Arch the 
emf Sun's place to be 5 11 or 19. And if the fame Declination had been 
art] Southerly, then muſt you have counted it on the Limb from N towards E, 
and the Ruler there laid ſhews upon the Arch the degrees of the Ecliptick 
anſwerable, to bem. x1, ® 19, if then according tothe firſt Propofition, you 
look for the Parallels of thoſe degrees in that Inſtrument, they ſhall be the 
Parallels of the fore-named Declinations, | 
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SBG&4: Hh: : Ts Interſeion of any Hour-circle with any Pa- 


rallel being aſſigned, to find what Altitude the ſame ſhall have 


above the Horizon. 


to be performed ; For having your Parallel given, you by the laſt Pro- 

tion, ſhall ſee quickly where every Hour-circle cuts through the ſame; 
unto thoſe Interſeftions apply your. Ruler, ſo ſhall the degrees of the ſame 
Ruler, being counted from the Horizon, ſhew you the Altitudes required : 
So int 1, or 29, when the day at Loxdoz is 14 hours long, the Sun's Alti- 


T's is uſeful for many purpoſes, (as hereafter is ſhewed) and moſt eaſie 
poſ1 


tude at 9 or 3 a Clock will be 36 deg, above the Horizon: And in & 19 de-' 


grees, the Sun's Altitudeat 9 and 3 a Clock, will be 38+ degrees ; and ſoof 


_ all other Parallels and Hours. 


SECT. VII. The Deſcendant Point of the Ecliptick being aſſgn'd, 
to find, 1. What Point of the Ecliptick is in any Hour-circle, and 
2. What Altitude it hath. 


Example; Et the beginning of Leo deſcend at London, T would then know 
; what degree of the Ecliptick is in the houy of 3, and in the 

hour of ro, at that very inſtant : Firſt, I lay the Ruler upon the beginning 
of & counted in the Arch, where I ſhall find it to cut upon the Chord 7 
hours, and 9 degrees, which hours are to be taken for Afternoon hours: 
Now from 3 a Clock to 7, and g degrees Afternoon, are 4 hours, and 9 de- 
rees, which turned 1nto degrees , makes 69 degrees : And fo from 10 a 
lock, to 7 and 9 degrees Afternoon, are 9 hours, and 9 degrees, or 144 
degrees : Theſe being fore-known, go to the Triangular Lines, and becauſe 
the Sign deſcending is ſuppoſed to be &, lay your Ruler at & in that Line be- 
twixt Nand E, and mark where it cuts the Limb, narnely, at 2 ; degrees 
from 60 towards 50. _ Now from hence count upon the Limb ſecundum ſer, 
ſignorum, 69 degrees, your firſt number of degrees, which will tall berween 
N and W upon 115 degrees, whereto again lay your Ruler, which you 
ſhall find to cut upon the Triangular Line = the 12, almoſt ; And this is the 
degree of the Ecliptick which is in the hour of 3, when the beginning of & is 
Ichending at London; And if you apply the Ruler to = 12, in th hour of 
: the Altitude of it ſhall be 2x 5. Secondly, lay your Ruler again at & in 
the Triangular Line, that it may cut 2 5 degrees, from 60 towards 50, and 
from the Ruler ſo laid, count 144 degrees, which is the Number for 10 a 
Clock, ſo ſhall the Number go from N towards W 84 4, whereto if you 
apply your Ruler, you ſhall find it to cut about the 25th deg. of 7, and 
this 1s the degree of the Ecliptick that is in the hour of 10, when the 
beginning of & 1s deſcending under the Horizon at Loxdon, and if you 
apply the Ruler to 2 25 deg. in the hour of 10, you ſhall find the Altitude 
of it 104, The like my be done for any other Sign, or degree; And re- 
member that\when & is deſcending, then is =z the oppoſite Sign aſcending a- 
bove the Horizon, and what is done for the deſcending of &, 15 ikewiſe done 


for the «ride — 
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SECT. VIII. The Culminant Point of the Ecliptick being 
aſſigned, to find at that time ; 1. What Point of the Ecliptick is 
in any Hour-Circle. 2. What Altitude it hath there, 


time. This Work will be ſomewhat eaſier than the former, as will 
appear by an Example : Suppoſe at London (or any wherg elſe, for the 
firſt part of the Propoſition is general, and therefore a man may make Tables 
if he liſt, for this firſt part of the Propoſition, which will ſerve for all Lati- 
tudes) the beginning of Leo were Culminant, and I would know what de- 
ree of the Fcliptick is in the Hour-Circle of 8 in the Morning : Becauſe 
rom the Meridian to 8 a Clock, is 4 hours, or 60 deg. and that forward 
ſecundum ſeriem ſjgnorum, therefore firſt T apply the Ruler to & 1n the Tri- | 
angular Lines, where it cuts in the Limb 24 deg, from 60 towards 50; | 
from thence I count 4 hours or 60 deg. forwards towards N, which will 
fall in the Limb upon the quarter N, W, or 23 deg. from N, and then the 
Ruler ſhews upon the Triangular Line about = 3 deg. to be inthe 8 a Clock | 
hour : Now the Altitude of that Point in that hour, 1s 17 degrees, as the | 
Ruler applied to it will fhew : Again, if the beginning of & be ſuppoſed 
Culminant; and I would know what degree is in the hour of 5 Afternoon 
at that ſame time ; becauſe from the Meridian to 5 a Clock, are 75 degrees, 
and that, contra ſer. ſiezoram ; therefore having firſt laid the Ruler upon the 
beginning of & in the Triangular Lines, which cuts as before, 25 deg. from 
6o towards 50, in the Limb, from whenge I count backwards towards E 
and S, in the Limb 75 deg. which will fall upon 4 5 deg. from 50 toward 40 
in the South Equator, and the Ruler being laid here will cut uponthe Trian- { 


'He Culminant-Point, is that Point which is in the Meridian at any 
be 


| gular Line on the oppoſite part of the Inſtrument about the 19 deg. of xs. and 
ſuch is the deg. of the Ecliptick, which poſſefſeth the hour of 5 a Clock 
: Afternoon, when the beginning of & is in the Meridian. 


: Then for the ſecond thing which is particular to every Latitude, if you 
. apply. the Ruler to the 19 deg. of z, in the hour of _ you ſhall find the Al- 
: titude of that Point to be 23 deg. in the Latitude of Londoz : The oppoſite 
. Points are in the oppoſite hours below the Horizon, at the ſame time when 
2 the beginning of & 15 in Culmination, or the beginning of the oppoſite Sign 
2 = 1s in ImoCzli, is as caſie tobe underſtood. 

x What Propoſitions ſoever are here done for hours (as what Altitude 

f thing hath upon Hour-circles,) do the ſame alſo upon Azimuths, for there 
= will be need of them hereafter, 1n putting the Furniture into refracted 
4 Water-Dials, &«. | . 
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APPENDIX: 
The Deſcription of the SE MICIRCLE., 


'H E Semicircle it ſelf, and the two Squares that are in it, are {© 
| commonly known, that I ſhall not need to fay any thing of the 


Diviſion of either of them, eſpecially ſince the Figure of it is here 

ready to repreſent the ſame as tully as can be required ; only re- 
member that I call M N the Semidiameter'df it, and L K che Diameter. 

The difficulty that is, is in the contrivance of it. 'The Limbabovethe Semi- 

circle noted with I K, muſt be of ſuch breadth, that if the Thread hang upon 
the Diameter L K, the Plummer may have liberty enough without rouching 
the Ruler A Batall : uponthat breadth allo you are toſer two Loops as at E 
and'F, through which the Ruler muſt have jult room to [lip up and down as 
occaſion ſhall be : and that it may be faftned from ilipping when it is requi- 
x red it ſhould be fixed, you muſt either. make two Scrues at the back-ſides of 
| thoſe Loops,or two Wedges, ſuch as are {1gnihed by G and H,which Wedges 
muſt be ſo ſhaped, that though they be looled, yet they {hall not {lip our, and 
to that purpoſe,at their leſſer ends they have httle knots left, as the Figure de- 
clares. Yer if you draw out the Ruler to turn the other edge of ittowards the 
Semicircle; (as ſometimes of force yo mult) rhen may the Wedges be taken 
out if need require; and again, firſt, put in before tneRuler, that when the 
Ruler is pur in, they may be kepr there, and not loſt. The Ruler being thin 
as of Braſs, or other Metal, ſuch as this Figure repreſents, muſt be ſharp ar 
both ends of one of the Edges, as the Piture ſhews, bur if it be of Wood, 
and fo become of more thicknels, then muſt vou line rhe two very ends of the 
edge of your Ruler with a little plate of Brals like the FigureR OP, laid in 
ftrair andeven with the end of the Ruler, and ar rhe end of rhat place make 
rwo ſharp points, as O and P do maniteft, ſtanding even with the two very 
edges of rhe upper flat of the Rule ; And to the other end of the Rule mult 
be placed upon the ſame edge in the fame manner.- 
L:t ke &xler » Now infſteadof this Semicircle in narrow places, and where room is want- 
o oy oy < 10g, may a Triangle of paſt-board be uſed tor the elevation, or depreſſion of 
© :b- Dir: any thing, the Figure whereof appears with the Semicircle. 
ger of the Sem- 
T1, 


T he uſe of the Semicircle is general ; As upon a Line drawn any where, 
to project any Altitude or Depreſſion above or below the Horizon, 
from a fixed Point that ſtands at a diſtance from that Line. 


* 4 +: ::-" "PF "He manner iscafie : For if you hold the edge of your Ruler to the fix- 
qpaggtarray ed Point, and alſo apply the point of that edge to the Line given, re- 
"; 35,4441 MOVIN, it higher, or lower, till the Thread hanging down by the lide of the 
SOT Semen te Re Acd to ir, at full liberry, do tall upon the Altitude intended, 
then doth rhe Ruler lie arrhe Altitude or Depth, and project it from the Tos 

oint 
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Point into the Line, as is required : You muſt in this Work (as occaſion is) 
turn the Ruler, and remove yourSemicircle, and fo in other occaſions. 


C Note, That whereſoever in the following Precepts I mention the Semi- 
circle, a Quadrant fo fitted with a Ruler, and divided on both ſides, will 
ſufficiently ſerve the turn. 


PF — = 


CHAP. IV. 


A general and mo$t eaſte way to project Hour-Lines upon all kinds of 
Super ficies without any regard bad to their ſtanding, either in re- 
ſpect of Declination or Inclination. 


faſtned in ſuch wiſe, that it no way hinder either the draught of 
the Horizontal Line, or the Point of the ſhadow from having free 
acceſs to the Dial at all times of the Year. 

2. Draw an Horizontal Line, by help of your Semicircle in a true Level 
both in regard of it ſelf, and alſo to the Point of the Gnomon, through the 
whole Superficies on which the Dial is to bedeſcribed. Or having two Points 
in the ſame Level with the Point of the Gnomon, project it upon your Super- 
cies, if it be a rugged one. And if the Superficies be more than one, or if 
any of them be very much inclined toward the Horizon, or elſe be very rug- 
red, or far remote from the Gnomon, ſo that it will not ar all, or not ſo well, 
receive an Horizontal Line upon it, you may Ezther ſet up ſome Board, or 
ſuch like Obygtt, upon which for a time you are to inſcribe the Horizontal 
Line, and by help of which the Hours are to be projected upon the Super- 
hcies ; Or elſe (which perhaps will be better) you may extend a Thread in 
the Air (it matters not which way, nor whether from the Gnomon towards 
the Sun, or from rhe Sun : whether {tretcht out in one length,or withreturns, 
{o long as it lieth juſtly parallel, in every Point of it, to the Horizon, and-in 
the ſame Level with the Point of the Gnomon :) which being fixed in this 
manner, will very well ſupply the uſe ofthe Horizontal Line : or the Hori- 
zontal Line may be partly 'Thread, and partly drawn upon-the Superficies 
2s occaſion ſhall be. And upon it may any Poine be transferred, and ſigned 
out by ſlipping knots of Thred tied upon it. 

3. Upon the Superficies of the Dial, obſerve the Point of the Shadow of 
the Gnomon (making a mark at it) and the Sun's Altitude, both of them 
at the ſame inſtant of time. | 

4. By the Altitude obſerved, compute the Azimuth of the Sun from the 
Meridian, 

5. The fame Azimuth muſt be transferred unto, or projetted upon , 
the Hotizontal Line by help of a Perpendicular Thread, covering to 
your ſight (as it hangeth down) the Points of the Gnomon and Shadow 
both together ; and at the ſame view cutting through the Horizontal Line : 
obſerve then punCtually where it cuts through the ſame Line , for that 
lame SeCtion being ſigned thereon, ſhall be the Azimuth projected into the 
Horizontal Line. | 

6. Letany kind of board or Sorrioorens now applied tothe Point of the 
Gnomon fo, as that it may be {taid, either upon the Horizontal Line (where 
p it 


[ E T a Gnomon, being firſt ſharpned into a Point, be ſhaped, and 


84 


PROFECTIVE DIALLING. 


4t may ſo be conveniently) or at leaſt ſo placed toward the Horizontal Line, 


that it may havea juſt reſpect unto it, and in that poſture may have ſome ſta 
for the edge of it to reſt upon, that after it is turniſhed with ſuch neceſſar 
Lines as muſt be drawn vpon it, 1t may be placed 1n its former juſt poſture 


- Without any Impeachment. Uponthis Plain fo placed, let the Point of the 


Gnomon be ſigned, which may be calied the Center ; and from this Center, 
to the Sign of the Azimuth, before projeted into the Horizontal Line, draw 
a right Line : this right Line ſo drawn, ſhall repreſent upon the board or paſt- 
board, the ſame Azimuth which was before computed. : 

7. Then taking away the ſame Plain, draw upon it the Meridian or Line of 
12 ; extending it from the Center before noted , at the true Angle that it 
hath from the Azimuth before computed and deſcribed, and alſo toward the 
truce Coaſt of the World. And let it be extended on both ſides the Center 
if need be. 

8. Tothe Meridian ſopitched upon the paſt-board,draw (fromthe Center) 
the Lines of an Horizontal Dial made tothat Latirude wherein you are. 

9. Then again, let the plain board or paſt-board be applicd to its tormer 
ſituation, the Center of the Horizontal Dial reſting upon the Point of the 
Gnomon, and every thing elſe anſwering to the ſame juſt poſture that it had 
at the firſt, Which done, let a Thread be fixed in the Center of the Hori- 
zontal Dial, by help whereof you may transfer every hour from the paſt- 
board intothe Horizontal Line. Let every hour be therein noted (by fixing 
marks upon the Horizontal Line where it is drawn, or by {lipping knots ſet 
upon the Thread, where a Thread Horizontal Line is uſed) eſpecially mark 
Out the hour of 12 : For which (if it chance to run beſides the Superficies) 
ſome kind of Obje&t (whereon the Horizontal Line is alſo to be drawn) or 
an Horizontal Thread mutt be faſtned, that may receive it, rill ſuch time as 
your Dial be finiſhed, = | 

10. After all this, take your Plain away (for there will now be no more 
need of it) and conjefture whereabout the Axis of the World, would paſs 
from the Point of the Gnomon to the Poles of the World, tor into that place 
is the Meridian to be projected. Which that it may be done more commo- 
diouſly, it no object ſtand in the way that will receive ir, you mult place one 
there, it matters not whether above or below the Gnomon, chuſe that which 
is moſt convenient : Or, a Thread laid aflope in the Meridian juſtly as it 
ought, will ſerve as well as may be. It then you hold up a perpendicular 
Thread,fo that by your eye.you may ſee the Point of the Gnomon, and alſo the 
Point of 12 in the Horizontal Line, both together, the ſame Thread fo _ 
ing, ſhall ſhew where the Meridian is to be drawn. Or, you may extenda 
Thread from the Point of the Gnomon to the Point of 12 in the Horizontal 
Line, which Thread ſhall repreſent the Line of 12: And ſtaying your Thread 
there, cloſe toit, hang up two perpendicular Threads at a good diſtance, fo 
ſhall the ſame two Threads, give you the track of the Meridian Line. 

11. The next Work will be to projet one of the Poles of the World (that 
namely, which lies the ſame way thar this projected Meridian doth from the 
Point of rhe Gnomon) into this Meridian. And this is done by elevating or 
depreſſing your Senucircle, from the Point of the Gnomon towards the Mert- 
dian Line, according to the Laritude of your Place ; tor fo will the Ruler of 
the Semicircle,or a Thread extended along by it,Sipn out the very Pole Point. 
If now you extend a Thread from this Pole Point, to the Point of the Gnomon, 
the fame ſhall repreſent the Axis of the World. 

12. Laſt of all; by theſe helps, all rhe hours may cafilv be projeed. "E 


of the Horizon. 
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ifthe eye do lay, or proje&t,this Thread or Axis upon each Point of thoſe hours 
that were inſerted before into the Horizontal Line, the Axis 
Point, or a Point upon the Axis, each gone of thoſe ProjeCtions 
upon your Dial, each of the hours required, and will ſhew : 
that ffands in the way, where the hours are to be drawn. Or, where conve- 
nient room is wanting to place the eye, ſoas it -may make this Projetion ; 
there may 2 Threads be uſed for the ſame purpoſe, one whereof muſt befaſt- 
ned to the Point of the Gnomon, the other tothe Pole deſigned inthe Meridian 
Line. Then ſtretching one of the Threads to any of the Points noted in the 
Horizontal Line, and holding it there, you may take the other, and extend 
it to the Superficies, ſo as it may cloſely paſs by the firſt Thread, by which 
Work you may make as many Points upon your Superficies as you ponds, 

way before 


an hour 
enc 


th which each houris to be drawn. Having thus traced the 

hand, you may afterward draw the hours without any difficulty, be the Su- 
perficies never ſo irregular. Among which Lines, the Shadow of the Point 
of the Gnomon, as it creepeth along, will ſhew the Time of the Day. 


—_— fk. 


— 


CHAP. V. 


Let this ftand as a briefer and leſs troubleſome way, than the for- 
mer : The Problem may be propounded more generally than be- 


fore, in this manner. 


F a Point be aſſigned upon any Superficies Flat or Curved, one, or more, 
wherein the Hour-Lines and Axis ſhall concur,how to proje& the Hours 
to that Point, and to ſet up an Axis after the ordinary manner to give 
Shadow to them without any Khowledge how the Dial ſtandeth, 'in 

reſpe& either of Declination or Inclination. UT UL NF 
1. To the Point affigned (upon any fide of it) by direftion'of your Semi- 
circle or other Level, ftretch out an Horizontal Thread, ſerving for the Hori- 
zontal Line ; this Horizontal Line need not be one direft Line, ' but nzay be 
turned at one or more Angles; provided that it he totally in the'Su 


; 


, 


2. With a perpendicular Thread held up, projef the Sun into the.affigned 
Point, and into the Horizontal Thread, and tie a little mark of Threa& upon 
the ſame Horizontal, through which the Shadow cutterh. At the ſame in- 
ſtant alſo, take the Sun's Altitude. © y on Oe {1.07 
3. _— Altitude taken, find out the. Azimuth ; This Azimuth, -whar 


ever it be, is repreſented by the knot. og P10 4. 04:7 
Apply a paſt-board to the ns Point, and hold it flat that it may 
aki tothe Horizontal Thread allo,and upon this paſt-board protraft your 


Azimuth by a Thread extended from the Point affigned for the Center, to 
the mark upon the Horizontal Thread. This done, © oo ©! 
_ 5. By help of that Azimuth upon your paſt-board, p the Meridian 
Line,obſerving the true Coaſt, and quantity of the from the Azimuth : 
and to __ gr Os bh TA _—_ SHS, 14 Þ. 47 
6. Applying the paſt-board to its place again, all things 10g right as 
before, NG all the hours into the Horizontal Thread from meug 
board, and ſet marks upon the ſame for the points of each ſeveral hour which 
marks may be little moveable knots to lip to and fro upon the ſame Thread. 


Yyy 7. Pro- 


every Objett 


op 
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75. Projeft the Meridian Point by a perpendicular Thread upon: forme oh- 
jt into thiit-place whereabouts you imagine the: Axis of the World would - 
paſs; above or below from the Point aſſigned for the Center. 
8. With your Semicircle elevated or depreſſed (as it ſhall be vel) 
from the Point affigned for the Center, according to your Latitude proje 
thee Pole of the Workd. | " TIE 
9. Exrend a-Thread from the Point aſſigned for the Ceater to the Poles 
of the World, which ſhall repreſent the Axis. —=Y 7# | 
10. By the Point upon the Horizontal Thread, and this Axis (cither by 
yout eye; laying the Axis to tht hour-points, or laying the hour-knots to the 

Axis) you-may projett all the hours and draw them ; Or elſe you may let the 

Axis atone, and content your felf with the Pole-point projetted into the Me. 

ridian, for if from the point aſſigned to be the Center or meeting of rhe hours 

and Axis, you extend a Thread'toeachhour-point in the Hortzontal Line,and 
do __ (with youreye) the fame Thread _ the Pole-point, then ſhall 
the Shadow ofthe Thread give you that hour-line, and fo do inall thereſt. 

- It. Your Threador Axis lying m its true ſituation, you may eaſily fit an 

Axis to the ſame poſture. If your Dial be deſcribed upon a plain Superkicies, 

you may then (by one ſide of a Nominal Square, applied toa Thread or Axis, 

and the other ſidelying upon the plain) find out the (ubſtileand meaſure from 
it the elevation of the Axis above the plain : But if the Dial bedeſcribed up- 
en a'curved ——_— you mult be content to ſet up your Ax by the dire- 
tion of the Thread only. 5 | OR 

12. This point affigned for the Center being a point of the Axis, is as it 
were the Apex of the Gnomon, unto which all the Work 1s projected. Bur 
af ut ab cac' phcgen upan Axis to ſuch a Superficies, upon which the Axis 
and hours will not meet in any tolerable manner, becauſe perhaps the Axis 
may be bur of very ſmall glevation ahave the Superficies, and yet an Axis is 

required : in this caſe, ſet up any point (of Wire, or ſuch hkeY'of fack di- 

tance fram the Superficies, as that the ,\xis and hours may be diſtin: 

And through that poiat let:it be required ta make the Axis paſs, you have no 

More to do but _—_ rope tothis point, as before, by letting the Sha- 

dow ofa perpendicular T hread paſs through that point, and noritig the ſame 

upon your Horizoatal Thread and counting that 'end of the Wire as your 

Ceater, proceed as before, for the Thread that lies to projeCt rhe hours is a 

pattern. for the Axis. | PF? 

\ This way is as general as the former, ſerving to projeRt the hours updn 
many Superficies, be they plain or curved, and however fituare whether con- 
ti or ſeparate, and that without any laborious inquifition of arly 

of their Situations, in reſpe& of Inclination or Declination.. If you will pur 

-ka that Furniture which is uſual, you muſt make ſome mark (noch, or but- 

'toa)) upon your Axis, unto which (as repreſenting the Center of the World) 

' by help of your Semicircle you are to projeft the Altitudes of ſuch greater oc 
leſſer Circles as you 1 to inſert ; As hereafter ſhall be taughr. | 
The x2 Propolinons in the ficſt way were to projxeQt to an Apex. © 

Theſe 12 Propolitions anſfwerable in the ſecond way are to-projeft to 
an AxB. 


CHAP. 
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CHAP. VI. 


oy + a Third W; - Serge. Hibrs © al Plains wharſ ſrewer, | 
the Joynt 5 : 6 be Semicircle and Horizontal DO, of 
Planifihoe, with knowing their- Situation at all. q 


(1 ) Todraw the Hour-Lines upon any Plain: 
0 ): To projet? Hour-Lines upon any Superficies nat ew, | 


Hape your Gnomon into ſuch a Form, and ſet it in ſuch arder ,. AS. 
that the Shadow of the Apex may not be hindered from coming 
| clear to any of the hours ar all tunes of the Year, and to'the Apex 
| of it draw an Horizontal Line, by the help of your Semicircle, 
which is inſtead of a Level. 

2. Atany time (except betwixt 10, and 2a Clock) obſervethe point of the 
Shadow, and make a mark at it; aud fo , when the Shadow'is gone a 
good diftance forward, make a ſecond ion of the end of it, and 
mark it afo: Theſe Obſervations are not neceſſaty to be made upon the 
fame day , but may be done at leiſure , only it muſt be remembred nay be mage, tu 


tug homo they were made ; "Ant more ervations may be wade, 
not 
- This Pele thaons Sons betaken; Firſts 2 Azimut Poins; 
the W t m upon the 
Plain in this manner. Hold a perpendicular(Thread,or what elſe)to' the Apex rm moybe# ſer 
of the then(keepiog your eyeata gooddiſtance from theFhredd Yu arr ek ma 
that the Work may be the more exaQ) remove your "_ you, ſer-yors jew jw.90 
firſt mark upon the Plain; or hold a perpendicular chars be nh ny and. move e's 
both it th To you can ſee the Thread to cur 4he Apex of the yr wdg 
and the Point uponthe Plain, then mark ſome; othes Point yader =-v's 706 
the a of he Thread pon the res Gra ſoa firait Jing drawn __ 
thePlain from theſe be that. Azimwt-Line, wherein ide rely the 
we pat" yur Was OG 20 arenas woke over thes Blot apes is ; 
lindly, as fax as convemicatly it may upWar ow nwards: 20-4 pack 
Parts Lt Br 7 mean res x ren fe == drawn 
ſecond point of obſervation : And becauſetlicie Lines-ſbould £ 
from the Gnomon than the of the-Rulerof your Semiciuuelerwi oboe hs 
and yet if you ſhould workallupon the P Lines (hould be required, of ave wrigh 
PRENy rs help forward your Wark) atits rwo little boards. piece of wood, 
your Plain, which may receive the aforeſaid Azimuths Jas is 
wok hen Frcbe Thread belles before all under one, Work. 1 
4. Theſe rwo Points are again to be confideredas the Points | SE 


—_—— which, that you may know wharthey are, 

Ruler the Semicarde tothe firſt of ent GIS SY 
Apex of the Gnomon, the Senucircle it ſelf in the mean time 
right with his Thread and Plummet at full liberty ; RN Pugs Gown 


mongſ 
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mongſt the degrees of the Semicircle ſhew you what Almicanther, or Alti- 
tude the. Sun.wasin at that time, of the firſt obſeryation ; the like muſt be 
done for the ſecond ;, and if you have need hereafter of more Azimuths, you 
may make more Obſervations, oe Hh 

5 The next work will be toinſert points intothe/Azimuthal Lines,through 
which to draw hours : And for this purpoſe you muſt have recourſe to your 
Horizontal ProjeRiph, .and lay the Ruler theregf tothe, Situation anſwering 
to your two Azimuthal Lines, as is ſhewed in an embrance Chap, 7. 
Propoſition 2. and the Ruler fo laid isan Azitnuth, the ſame with your firſt 
Azimuthal Line drawn upon the Plain; -wherefore if the Altirufles and 
Profundities of every hour upon that Azimuth, or Ruler ſo laid be noted, as 
15 ſhewed inthe Third Propoſition, Chap.'3. and accordingly by the Semi- 
circle be inſerted into the firft Azimuthal Line, below and above that Horizon- 
tal Line, you ſhall bave the points of 12 hours, which may be for the preſent 
blindly figured, that you may only know them again. The manner how toin- 
ſert them is by keeping the edge of the Ruler of your Semicircle tothe A 
and the foot of it tothe Azimuthal Line, where ever it be, cither plain or 
board,&c.ſtill moving it therein higher or lower, till upon the Semicircle, and 
Plummet hanging right down,the Thread ſheweththe Altitude requir'd. The 
Altitudes are to be ſet below the Horizontal Line,and the Profundities above, 
In the fame manner you muſt count the ſecond Altitude upon the Ruler, and 
apply-it to the proper Parallel of the on whea your ſecond obſervation was 
made,and-o again place your Azimuthal Ruler uponthePlaniſphere in its due 
Situation anſwering to the ſecond Azimutha] Line upon your Plane;and upon 
ito laid, having ſeen what Altitudes and Profundities- each of: the 12 hours 
have,you muſt expreſs the ſame Altitade and Prefundity upon your ſecond A- 
zimuthal Line,in like manner as you did before upon the hivſt,and if you have 
any more, you may do the like upon them, though two will ſerve turn; -- 

6. Such Points then-as fall upon the Phin will give uu where todrawthe 
hours, if like be joined with like ; as if you draw atight Line'from the'point 
of 4 in the firſt Azimuthal Line to the like point of 4 in the ſecond, that ſame 

=... ſhall be the Line of 4, and fo of all chereſt, both Whoſe Points fall upan the 
+ 76js Proje8i-Plainit ſelf. * But for the reſt you muſt by a Threadproject them with your 
on mey be-uſed e116 in this manner : Faſten a Thread to the. Apex of your Gnomon, and 
gps ſtretch it with one hand from thenceto any point ori the Azimuth neareſt to 
Fla. you; (Or, contrariwiſe, it it ſhall be convenienc faſten it at the hour-pojnr 
upon the Azimuth, and ftretch it to the Apex ofrhe Gnomon, and beyond if 
need be) then holding the Thread Rtill,turn your eye; till it.repoſe the Thread 
upon the anſwerable Hour-point upon the other Azimuth:ſo ſhall the Thread 
p1ve to-your eye the traft of the hour to be drawn upon the Plain, And in 
Ts ihr you may draw all the hours except 1.2,for that hour-point falleth 
always into ho very Zenithand Nadir "7 the two Azimuthal Lines 
concur, which aredireQly under and above the.Apex of the Gnomon,ſo thit 
you'have not twodiſtin&-pointsto draw it through, 'as you have for the reſt 
-of the hours, for that therefore we muſt have ſome peculiar way which may 
'firſt be this.” | 4 29. 


| x. Having cleared your Plain of all neceſſary ſaperfluity of Boards, Lines, 
-andFigures, &c. Oblerve where-6.a Clock cuts the Hortzontal Line, .for if 
-upon a paſt-board applied to the Horizontal Line-you draw a Line from that 
:SeQtion, tothe Apex of the Gnomon, and from the ſame Apex draw another 
'upon the paſt-board perpendicular to the former, ex it till it cue the 
orizontal Line, the poult where it cuts is the point through which 12 mult 


pak, 


- 
_ 
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paſs, if then you hold a perpendicular [Thread till through it you ſee the Apex 
of the Gnomon, and that point together, the appearance, or ſhadow of the 
Thread upon the Plain is the-Line of 12 Yam. ye 

2. Another way may be by chooſing any other hour, as well as 6 : for if 

ou obſerve upon the Horizon or Limb of the Projettion, what degrees lie 

bowie it (ſuppoſe 9, and 12) you may apply a paſt-board as before to the 
Horizontal Line,. and from the Seftion of 9g thereon ; to the Apex draw a 
Line, and upon the paſt-board out-of the Apex as a Center delineate that 
Angle, and draw a Line for it, ſo ſhall that Linebe the hour of-1 2 upon the 
paſt-board, and ſhew upon the Horwontal Line where 12 ſhould be, which 
may be projected again as before. . 7; Ty 

3. Another way will be if you'll prolong any one of your Hour-lines 
the farther from 6 the better, for 6 is altogether unfit for this Work) that 
way which from the Apex ofthe Gnomon, you ſhall conceive to go toward 
the Axis of the World (which your own knowledge of the Heavens will 
dire& you in) there the Ruler of-your Semicircle being kept at the Apex of - 
the Gnomon, the point of it may be removed upon the hour till ſuch time 
as the Plummet hangs at your Latitude, and the Ruler then will lie in the 
Axis of the World, and at the foot of your Ruler ſo placed in that Hour-line 
make a Point, "This Point is that which in other ways of Dialling, is the 
Center of the Dial, to this therefore the hour of 12 muſt come; If then 
you by a perpendicular Thread, will ſee the Apex of your Gnomon and this 
Point together, the ſame Thread ſhall upon the Plain, ſhew you alſo the 
place where 12 muſt be drawn. And note that from the points upon one 
Azimurh to this point (found by the third way)- you might draw or projett 
all the former hours, or moſt of them, in ſuch fort as is ſhewed before. And 
further be ever mindful that you draw all the Hour-lines . (in what place of 
the Plain ſoever they happen to beY* down that way that they may come 
under the Horizontal Line, by ſufficient extending them thither ; for other. 
wiſe they will not be of any uſe : ſince the ſhadow of the Apex 1s always un. 
der, never above the Horizontal Line. 

Theſe Precepts thoughthey are here ſet down as for plainneſs only, yet the * 
ingenious will eaſily find how to apply them roany pig c. 1 pf onl 
the Work in them will be a great deal more, and of more le ; but theſe 
will be better done by my laſt way, which is more {imple and general than 
this : yet notwithſtanding for the Furniture of Dials, both here and in ch 
laſt, 'T intend to makeuſe of this way by the Horizontal Planiſphere, whic 
is the eaſieſt that ever was. And when I mention the Horizontal Plani- 
ſphere : I would not have the Reader think, that theſe things can be done 
by no other Inſtrument ; for the Mathematical Jewel of Mr. ave's firſt Note, The 
contrivance, fince amplified by Mr. John Palmer Rettor of Eon in Nor. Audcame o 
thamptonſbire, will do all theſe things to all Latitudes, whereas this will ,,z ye. 
do them but for Dials in one Laticude; and otherways I can do, and fo I/a,ord«ſokne 
doubt not but others will alſo find ; but I would have him know this withal, prunen : 
that no one ProjeQtion is ſo eafie for this Work, as this, and therefore I made frrmamezaf 
Ss, || choice of ir, and have fitted it with ſuch Lines as I could yet find to be moſt ow Op 
if I uſeful for the purpoſe intended. I proceed therefore to ſhew how by it and -onyn > tl 
at | the Semicircle, all that other m ve written on this Subjzet may moſt 
xr || lily beperformed. 
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CHAP. VII 


Upon a Plain (but not upon a curved Superficies) to make a Dial 
with an Azis, to any Point:affegned for. the Center. 


| $ID T 0 $0 2 


- RST, pr ojeft a Dial tothe Pont bfxGitomon, the projeQive way; 


— 


then having aſſigned -yout* Center ; from it , draw hours parallel 
to the projeRive ones, ſo are you-furniſhed with hours. For the 
Axis do thus: £39 | 


Note, That it muſt paſs through the Center of the Dial, and muſt be parallel 


D | 
to that Axis that was drawn from the Point of the Gnomon. 


| Now to ſet it abſolutely parallel, it muſt be remembred, that when the 
Gnomonical Axis is repoſed upon the Center of this new drawn Dial, ic muſt 
alſo cover the new Axis, that is, ro your ſight, mult lie juſt under :r, and beirg 
limited to that Superficies you may the more eaſily ſtretch a I hread from the 
Center, parallel tothe Gnomonical Axis: Or-uſe your Semicircle beingeleve- 
ted to your Latitude, and kept in the fore-named Superticies, 


CHAP. VIIL 


How to Projett Hours upon a Glaſs-Window , where the Hours 
ſhall be drawn within, the Gnomon ſtanding without where you 
cannot come at tt. 


point of the Shadow that it makes upon the Glaſs, making a mark 
at it, and take the Sun's Altitude at the fame inſtant, whereby 
the Sun's Azimuth at that moment may be diſcovered. 

2. By help of a Quadrant, Semicircle, or Level, draw an Horizontal Line 
upon the Glaſs, true to the Point of the Gnomon. "This may be doneift you 
hold the upper fide of your Quadrant or Inſtrument truly level with the Ho- 
rizon (which the Thread fallingupon the perpendicular Line will dire&t you 
to do) and the Inſtrument being kept ſo levelled, muſt be fhitred up higher or 
put lower, till fuch time as your eye viewiag along the forenamed level-edge 
can diſcern the Point of your Gnomon. Obſerve at that time and in that 
poſture, where the Point of rhe Gnomon appears upon the Glaſs, and make 
a mark at it, and fo do the ſecond time, and make a ſecond mark ; through 
theſe two marks a Line drawn will be an Horizontal Line upon the Glals, 
lying level with the Point of the Gnomon. 

3. By a perpendicular Thread direQted to the mark of the Azimuth, and 
to the point of the Gnomon- both. together , the fame 1zimuth muſt be 
projefted into the Horizontal Line upon the Glaſs, with the SeCtion of the 
——_ Line, andthe Thread appearing upon the Glaſs will determine 
or You. 


I. - X your Gnomon on the out-ſide of the Window, and obſerve the 


4. From 


- wards that Coaft whereuntoyour 
| Meridian Line ſtanderh) wath a 


4. From this: Azitnurh:muft a Meridfan ine be found out,wherein willbe = 
a little trouble, the way thatT goabourit is this. Apply a paſt-bord, as A BC 
D. to the Horizontal Li ri Oy: upan:the paſt-board 

tal' X | 0 


being held truly Horizon 
ject with a perpendicular Thread | T RET 
the Azimuthal Point E which was | F- tb - : 

before inſerted into the Horizon- 
ral Line A B. and let the Line pro- 
jeted be C E. Then again (to- 


rpendicular Thread,projeCt up- 
on che fame raſt-board (held Ho- 
rizontal, and in the ſame place as 
before) any other Azimuth at ad- 
venture, as F G. cutting through 
the Point of the Gnomon at G. | 
and through the Horizontal Line 
at H. To FH. draw E D Paral- | 
lel, and from E C. which is your Azimuth before found, ſet off.E M. for the 
Meridian, according to the true Coaſt and Angle. Next of all, you areto 
draw a Meridian Line parallel to E m, which may paſs through the point of 
the Gnomon, all which to effett there are many ways, amongſt them I will 
givethis one, From H draw H I parallel to E C. cutting ED at. then alfo 
make EK upon E C equal to HI. and from K draw KL parallel to A B. the 
Horizontal Line cutting EM, inL; And to K L'make EN. upon the Hori- 
zontal Line equal; ſo fhall N. be the point of 12 upon-the Horizontal Li 
waereon it muſt be inſcribed, and N 12, being drawn parallel to E M. 
be the Meridianor Line of 12, upon the paſt-board (ifthere were any uſe of 
it there) fully rcſpeQting the point of the Gnomon at G. 


Or i you deſire to fave all this labour of theſe 4 precedent Seftions, obſerve 
upon ſome otl:er Dial, or by ſome Meridian Line before found, when 
the Sun comes to the Meridian ; and at the ſame inſtant make a mark 
upon the Glaſs at the point of the Gnomon's ſhadow, ſo ſhall that mark 
be one point of the Meridian or 12 a Clock line. But this ſerves only 
for ſuch Windows as look upon the South; for North-Windows there- 
fore, the former way muſt of neceſſity be uſed. 


5. Having found one point of 12 by one of theſe ways,you are next to pro- 
ject the Meridian Line upon the Glaſs, which becauſe it is alſoan Azimuth, as 
well asa Meridian may be projected by help of a perpendicular Thread ſo held 
until rhe eye ſhew it at once to fall bothupon the mark of the Meridian noted 
before upon the Glaſs; and alſo upon the point of the Gnomon ; the ſhadow 
then of this Thread ſo held ſhall ſhew upon the Glaſs where the Meridian is 
to be drawn. Remember alſo to draw it both ways, that is above and be- 
low the point of the Gnomon. : 

6. Into this Meridian you are next to proje&t the-point th which the 
Axis of the World would paſs, which if you were without the peat ome 
could come at the point of theGnomon, might be done as in the other Dials by 
the Semicircle; But becauſe you are within, and the Gnomon without, you 
mult help your ſelfſome other way, as thus. Hold your Semicucle or Lu 

| rant, 
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drant, fo as that the ſide which muſt find the forgn med point may be eleva- 


ted according to the height of the Pole, and being continually ſo kept at thae 


elevation and direQted alſo to the point of the Gnomon, litt up or depreſs the 
- Inſtrument, keeping oneend of it always in the Meridian Line, until your eye 


viewing along that ſide that is ſo elevated ſhall dire& the ſame upon the point 
of he EH” and then diligently matk in what part of the Meridian Lins 
it reſt<tR, for that point is the point required. 

7. Tothis point (which is a point ot the Axis paſſing through the Gno- 
mon's point, tor to any point of that Axis the hours being deſcribed, the 
Gnomon will ſhew true) ſtretch a Thread Horizontal Line level with it, and 
into this Thread Horizontal Line, by kelp. of a perpendicular Thread pro- 
ject your 0s yo before found, that.is, repoſe this perpendicular Thread 
being duly held, upon the Meridian and'point of the Gnomon both together, 
and at the ſametzme obſerve where it ſeems to cut the Horizontal Thread, 
at the apparent interſeftion faſten a knotfor the point of 12. You may alſo 
at the ſame time and view (all under one) project the Meridian upon ſome 


 objeA ſtanding there whereabour you ſuppoſe the Axis of the World would 


paſs, for the appearance or ſhadow of the Thread ſhews that alſo at the 
ſame view. 


8. Tothat point upon the Glaſs as a Center,apply a paſt-bcard,upon which 
from that Center to the Point of x2 draw the Line of 12. and to this Center 


and Line of 12. draw an Horizontal Dial upon the paſt-board, and applying 
the paſt-board to its former due place, _ the hours from the ſame into 
the Horizontal Thread, and faſten knots of Thread as marks of every hour. 


Anotber Way to draw the Hour-Lines, may be thus : 


Having drawn what is preſcribed in the Fourth SeQtion,you may piece out 
your paſt-board ABCD: (or transfer all the Lines uponir, toa larger paper 
where more room 1s) that it may contain the exteriour part of the Draught 
EGN H; This exteriour Draught you may therefore ſome ways ſupply, and 
toGbeingtheCenter,& GN the Meridian,you may draw an Horizontal Dial, 
and project the hours upon AB, the Horizontal Line of the Glaſs or paſt- 
board. Now thea it you apply your paſt-board fo furniſhed with theſe Ho- 
rizontal Points, to its firſt Situation which it had, and transfer the ſame Points 
to A B the Horizontal Line drawn upon the Glaſs; then may you upon a flat 
Glaſs-window through thoſe Points draw ſtrait Lines from the Point of the 
Axis found by the Sixth Settion : which Lines ſhall be the fame hours with 
them which were drawn theother way. Or, if rhe Glaſs-window be not flat, 
then you may by the 3 Points given (viz. the Point of the Axis, the Point of 
the Gnomon,and the Hour-points on the Horizontal Line)and a Thread,pro- 
x& the Lines on a curved Glaſs Superficies. Remember that the Point meov- 


tioned 


' And firſt, hav! 
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tioned in the Sixth SeQtion, ſtands above the Horizontal Line, if the Win- 
dow look Southward, and below if the Window look Northward. 


CHAP. IX: 
How to delineate the Hours upon any Superficies, without that way 


by the Semicircle of elevating an Azis ; by obſerving both the Hour 
and Azimuth at one Altitude taken. 


(1,) Ix a Gnomon. (2.) Obſerve the Sun's Altitude, and makea mark 
of the ſhadow of the Gnomon's point both at one momear. 
(3) By the Alritude conclude the Azimuth , and the hour or 
part of it. (4.) Projet the Azimuth into the Horizontal Line. 
(5.) By that Azimuth protrat an Horizontal Dial upon paft-board , and 
amongſt the reſt that hour or part of an hour that was obſerved [which muſt 
be therefore calculated what Angle it maketh with the Meridian upon the 
- wy don thus. As the Por to on eh rhe pr {o the 
angent of that hour or part, to ent of t or ired.] 
And projet the Meridian, and all Solon rom the CES into 
the Horizontal Line. (6.) Having now the Meridian wage; a perpen- 
dicular Thread) proje& the Meridian Line, or Line of 12, raw (u 
a Plain or Projeft upon a rugged Superficies) that hour or partoccultly that 
it may be put out, of which-you have two poiats given, one by Obſervation, 
the other bo Impoſition into the Horizontal Line. (59.) By.theſe two Hour- 
lines, this laſt and the Meridian find out the Axis with your eye, a? pag. ſequ. 


Se@. 2. (8.) Thea by the Axis projet all the Hour-lines by the points upon. 


the Horizontal Line, &c. 
2. Or, without obſerving the hour, but uſing the Semicircle do thus, 


aging (26 work for the moſt part as is above declared, enquire what 
Altitude fome one hour in the Horizontal Line hath upon that Azimuth ; 


drawn the Azimuth Line proj upon the Superfici 
expreſs by the Semicircle.the Altitude and wie; the Azimuth ws: 
So having two points for one hour ; one in the Azimuth, the other in the 
Horizontal Line , proje& the fame hour by the Semicircle, and draw it, as 
alſo the Meridian. By theſe two hours make an Axis, &c. as before : Or 
as here followeth. 


If you will uy bon obſerve, ſrom ſome other Sun-Dial, the Sun's approach 
to any one hour juſtly, then make a mark there, you ſhall not need to 

| pe in any other hour to be afterwards blotted out, but that which is 
© put in ſhall be a true hour, neither ſhall you need to calculate, as 
is before required. 


Hours being drawn to a Gnomon, bow make an Axis. 


The Point of the Index is one Point of the Axis, if another Point 
were known beſides, then might the Axis be drawn , or-a Thread 
placed fo as the Axis ought to be. To find another Point uſe either 
of theſe two ways. | 

Aaaa 1. Faſtea 
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t:-Faſten one Thread from the Point of the Index to any one Hour-line a 
good way below the Horizontal Line,and another Thread roanother hour that 
may be 5 or 6 or 7 hours from the former (the more near to 6 hours the bet- 
ter) chef. Threads being, held or faſtned as is preſcribed, there muſt be ſtretch 
ed out from each of theſe Hour-lines (in ſome other part) to their proper 
Threads, two Threads more, ſoas that they may only touch (and not force 
upon) the two firſt faſtned Threads, and theſe two Threads being brought 
ther im that manger till they meet, and cut each other, this Point of In- 


- terign will beanother Point where through the Axis is ropats.-. If there- 


fore, a Thread be extended from the Point of che-Index or Gnampnunts this 


- Point of Interſe&ion,the ſame Thread is the repreſentative Axis of the World, 


and an Axis of Iron (&%.) laid in place of it will give the true ſhadow for the 
Hour-lines. | | IS 204 

- », Of the Axis may be found thus : Faſten a Thread at thePojntofthe In- 
dex or Gnomon,and ſtretch ir out with your hand till you ſee it ro cover any 
one Hour-line, there hold it faſt by ſtaying or reſting your rand upon ſome 
fuſtentacle; Then try by your eye whether the Thread fo ſtanding will cover 
another Hour, that is 5.or 6 or 7 &c. hours from theformer, if it do fo, and do 
not make any Angles with it, then is it the true Axis; It itdonot fo, then is 
it tobe removed until it fit in ſuch manner as 1s declared ; fo may the pattera 
of the Axis be eaſily ſtretched out by a Thread. 


i tt.....At. _ 4 ” Wy —_ 
_” — 


CHAP. X. oX 
How to Project an Hour-line from a Wall apon a Buard, which 


ſtandeth as an hindrance, ſo that you cannot extend any ſtrait 
Thread from the Point of the Gnomon ( or Glaſs) to the ſaid 
Hour-line at all, becauſe of the ſame Board. 4-87 


” Ake a mark upon the Hour-line in any part of it ; Then extend a 
ſtrait Thread, one of whoſe ends let 5 faſtned to the foreſaid 
mark, and the other end ar a good diſtance from the Gaomon's 

| Point any where, then repoſe the Thread with your eye u 
the Point of the Gnomon, and obſerve the ſhadow-, or appearance of the 
Thread upon the Board, and draw a Line along with it. Again ſtretch 
your Thread out ſtrait to ſome other place, ſo as you may ſee the Gao- 
mon again under the Thread, and then mark where this ſhadow of this 
ſecond placed Thread ſeemeth to croſs the former Line drawn upon the 
Board, there make one mark ; theg again repeat the fame Work, that is, 
make a new mark upon the Hour-line, and faſtning a Thread to it, figd 
out another Point upon the Board in the ſame manner as you did before, ſo 
ſhall you have a ſecond Point : Through theſe two Points you may draw 
your Hour-line. 


Note, 'That the Board muſt be ſuppoſed fo to ftand, that though youcan- 
not come to ſtretch a ſtrait 'Thread from the Gnomon Point to any part 
of the Hour-line, yet you may have room to ſtretch a Thread crookedly 
over-orunder, or upon one fide of the Board. 


This Caſe ſuppoſetha Board to ſtand between the Hour-line and theGno- 
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come to) ſhould do. Ia the fame manner the Wall will belp 164 | 
hour upon the Board, if the fame ſhould prove uneven. 


This Work (at firſt) did got appear to mean ways uſeful ; F ifa 
Linecnre be drawn from the Fins of the 4 on to EE! 


that Gno- 


Sun-Beams _—_ be taken off too, then it will be 
hours from the Board, to the Wall or Superkicies 
fave them that they be not —_— loft. 
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CHAP. XI. 


To draw a Dial upon 4 flat Super ficies by means of Three Shadows 


of a Stile, cauſed by the Sun upon the ſame Superficies in one Day, 


without knowing either the Sun's Declination, the Elevation '* 
the Pole, or Situation of the Plain. 


N the firſt Figure; Let the Plain be CDF, WAA Stile A B, whe- 
ther perpendicular to the Plain or not, for it ſufficeth, to know the Sha- 
Gy ofthe Gary B, viz. DE F, obſerved in one and wie ace 

red by means of thoſe three Shadows, and of te Sie AB, 
al proper far the place of Obſervation. 
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PROJECTIVE DIALLING. 

From the Point B, (the —_— or top of theStile) by-helpof a : 
let fall BC, perpendicular to the Plane, meeting with it inthe 'Point C, /if , 
it morn that ho Stile be not perpendicular) then from C, to the Points 
Ih! ny rag} urea york Is Yay br L leaſt 

(in the ſecond Figure) make a right Line at pleaſure x | 
to CE, and take therein Cine x, 2 equal to.CE, and 1, 3 ay CD, 
let the al og 2,5: 3, 6: 4, 7: be raiſed upon 1, 4, and every one 
equal to B C, the height of the Stile in the firſt Figure; then from Point x, 
to each of the Points 5,6, and 7. let right Lines be drawn as 1, 5: 1,6:.1,7: 
making with 1, 4: the Angles, 5,1,2: 6,71,3 : 7,1,4: 1n degrees to the . 
height or Elevation of the Sun above the Horizon at that time of obſerya- 
tion of the Shadows, viz. the Angle 5, 1, 2, the Shadow beingarE; 6,1, 3, 
the Shadow being at D; and 7, 1, 4, the Shadow: being terminated in f 
And from Point 1, as a Center, and at the diſtance 1, 5 : let be deſcribed 
the Arch of a Circle 5, 1o, 11, cutting the Lines 1,6: 1,7, in the Points 
Lo, 11- from whence let fall Perpendiculars upon 1, 4, which let be 10, 8: 
II, 09. 

Then coming to the third Figure; upon another Plain, as, 4 x o, let 
be taken the Point , and by it draw the three Lines 4a 0, c 4 », and b am, 
ma am themaſeives Angles equal to the Angles made by the Lines 
CF, CE, CD; in Figure I. each to his own, and on the fame fide, vie. 
04 n, equal to FCE, and #4 equal to ECD, as the third Figure 
ſheweth; And theſe Lines being prolonged on the contrary fide, as o «, as 
far as d, and making 4 d, equal to 1, 9g : which 1s the diſtance betwixt 1, 
and the Point where the Perpendicular falleth which comes from the Pojnt 
marked in the Line x, 7. by the Archof a Circle 5, 10, 11, in Fig. IL. for as 
much as 1, 4: repreſents or reſembles C F, (in Fg. 1.) and C F, reſembles 
z 0, in like manner make «6, equal to 1,8: (in Fiz. 2.) becauſe that 1, 4: (ig 
Fig. 2.) reſembles C F, (in Fig. 1.) and C F, relembles 4 o, (in Fig. 3.) in 
like manner «6, equalto 1,8, (in Fig. 2.) becauſe 10, 8,” comes 'or is made 
of the length, x, 3 : which is equal to C D, (in Fig. 1.) and CD,of the ſame 
ſituation or diſpoſition as «», .Make for the fame reaſon 4c equal to 1, 2: 
and draw the right Lines c d, c 6, as long as ſhall be needful, and on them 
in Point c, raiſe c e, and c f, oy) pag ger either of them equal to BC, (in 
Fig. 1.) and at the Point d, let ag, be raiſed perpendicular ro cd, and equal 
co Preadicolar 10,8: (in Fig. 2.) becauſe 4 4, is equal to 1,8: Likewiſe 
on the Point 6, let'be raifed the Perpendicular 6+, (on the Line cd) equal 
to 11,9: (in Fig. 2.) and drawing the Linescg #, f þ k, cutting c a, cb, in 
Tand K, and if you draw the Line I Kyit will give the diſpoſition or ſituation 
of the EquinoCtial Line, reſpeCting or relating tothe Lines 0 44, » ac, m ab, 
and making e 4, Perpendicular to I K, that will repreſent or ſhew the dif] 
ſition or ſituation of the Meridian-line of the Plain repreſenting or relating 
to the ſame Lines 0 44, nac, m ab. | | 

This fo prepared make 'the Angle G C E, (in Fig. 1.) cqual tothe Angle 
eck, (in Fig. 3.) and drawing G CI, that will be the Meridian of the 
Plain ; then make GC, (in Fig. 1.) equal to c 4, (in Fig. 3.) and drawing 
CH,Perpendicular to CI, and equal to the height of theStile,drawing HG; 
Let HI, be made Perpendicular to H G, cutting GC, in I, then will the 
Point I, be the Center of the Dial. Moreover let G O, be drawn at right 

es with or upon G C, which will be EquinoQtial; and let G P, be 
e equalto GH, and from the Point P, as Center, and at the diſtance 
PG, delcribe the Circle G M N , Which will reprefeat the EquinoQial, 
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To finiſh the Dial  _ 
*"H1 E Meridian of the place muſt be found, which will be done if from 
the Point B, (the extremity, or top of the. Stile) a Thread be let fall 
with a Plummet ſharp at the end, until the point thereof touch the Plain, | 
as here in point K, (in Fig. 1.) by which from point I, drawing a right 


Line I K L, that ſhall be the Meridian of the place. If the Plummer ler 
fall from B, the top of the Stile do not touch the Plain, then put the Butt 


or end of a Ruler to I, the Center of the Dial, and ſo as that one of. the 


Arreſts or Sides paſſing by the point B, the top of the Stile, then find a point 
in the Ruler, from whence a Thread and Plummet let fall may cut or touch 
the Plain as aforeſaid, which will be the Meridian of the place. . 

And if the Plain be Vertical, that is perpendicular to the Horizon, which 
is ealily known by applying a Thread and Plummet to the Plain, for if it raſe 
and touch rhe Plain, then is the Plain-an upright Plain; And then to find, 
the Meridian, is but to apply the end of the Thread to I, the Center of the 
Dial, and letting the Plummet hang at liberry, draw a right Line by the 
Thread, which ſhall be the Meridian-line of the place. Laſtly, Produce 
IK, the Meridianof the place, till it cut the EquinoCtial as in the point L, 


. to which from the point P, let be drawn a right Line P L, cutting the Cir- 


cle GMN, in M, that Line will repreſent the Equinoctial, the Line of 12 
a Clock of the place for which the Dial is made; Divide therefore the Circle 
into 24 equal parts, beginning from the point M, and from the point P, 
by evety of thoſe Diviſions draw Lines to the Equinoctial, and then from 
the Center of the Dial I, draw Lines to thoſe Points in the EquinoCtial, 
which will be the- Hour-lines for the Dial ; to which Hour-lines, give the 
Number or Denomination according to that of the Lines drawn from P, to 
the point of the EquinoQtial Line by which it paſſeth , (as for Example) 
drawing a right Line from P, by N, which is the third Diviſion after M 
(\uppoſing M, to be on the Eaſt) that ſhall be the Line of Three a Clock 
which ſhall cut the EquinoCtial in O, drawing I O, that will be the Line 
of Three a Clock of the Dial, and doing fo for the reft, the Dial is finiſhed, 
ern the Hours ſhall be ſhewn by the Shadow" of the top of the 
tiie ONIY, | A 
It is x, be obſerved, that in- all Dials the Morning'Hours ought to be 
marked on the Weſt-fide, and the Evening Hours on the Eaft. 


To explain what was ſaid before about finding the Meridian-line 
of the Place, by a Ruler , with a Three? and Plummet.,, -. 


T ET in the fourth Figure the Stile be A B, the Center of the Dial Figure 
D, it then from B, be let fall a Thread and Plummet, the Thread TV.” 


joined:to B, happens to fall without the Plain, the Ruler ID, muſt be'a 
plied fo as that one Arreſt or Side thereof, touch 'both the Center of the 
Dial in that Figure D, and the top of the StileB ; then finding a'point' in 
the Ruler from whence letting fall the Plummet it meeteth with the 
Plain, that point ſhall be the Meridian of the place, and drawing from the 
Center of the Dial D, by that point a right Line, that right Line ſhall be 
the Meridian of the place ; But if the point in which the Plummet toucheth 
the Plain be ſo near the Center thar it is 43% to draw the Line cxty; 
B then 
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then do thus. Take a point at pleaſure in the ſide of the Ruler as E, to 
which apply the Thread with the Plummet hanging at liberty, then taking 
another Thread, ſtaying one of the Butt ends on the point B, and extend. / 
ing the other towards the Plain in ſuch ſort that it may cur the other Thread 
that hangs at liberty, in perpendicular ; that point of meeting of the two 
Threads, being the point.to which the Thread extended from B, will 
meet the Plain as H, ſhall be the Meridian, and drawing DH, it is found. 

We ſpeak not here of all the Difficulties that may happen in deſcribing, 
a Dial by three Shadows; as when the Center of the Dial is not in thePlain, 
nor when the Meridian of the place cannot be there, becauſe the ſolution of 
thoſe Difficulties would require a compleat Gnomor:iſt. 

It may be obſerved from our conſtruction in the third Figure, that if 
bed, bein a right Line, then that Line is the EquinoCtial of the Plain, 
and that it is a Polar-plain ; And that it the Plain be Vertical, its Meridian- 
line will be that of Six a Clock of the place, to wit, in the oriental or Eaft 
fide, Six in the Morning ; and of Six at Night in the Weſt Face : The 
height of the Stile is for the Semidiameter of the EquinoQtial as BC, in the 
firſt Figure, but the Hour-lines of the place inſtead of meeting in the point 
I, the Center, are all Parallels one unto another. 


GHRAFP. XI. 


Shewing ſeveral ways whereby to find the Star's Hour readily, and 
conſequently the true Hour of the Night by the Stars. 


ere are ſeveral ways by which the Stars Horary diſtance from the 
| Meridian (calPd the Star's Hour) may be obtained : As, 


T. By any Quadrant, or other Inſtrumental Dial, which giveth 
the. Hour of the Day by the Sun. 


Will Illuftrate this in the Uſe of Mr. Ganter's Quadrant, it being an In- 
ſtrument more frequently known than any other of that kind : For, 

If you obſerve the ſame Rules in finding the Star's Hour, as is direted 

for finding of the-Hour of the Day by the Sw»; that is, by ſetting the Bead 

to the Star's Declination, inſtead of the Sun's Declination, and then obſerve 

the Star's Altitude as if it were the Sun's Altitude, the Bead ſhall then ſhew 

among the Hour-lines the Star's Hour, or the Star's Horary diſtance from 
the Meridian, 


' But here you are to Note, That this way of finding the Star's Hour, 1s 
peculiar to ſuch. Strs only as are between the Tropicks, Wherefore, ano- 


ther more genergl way may be this : 
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II. By a Sun-Dial made under the Soyl , and on the Javims of a 
Jetty Window, on the inſide of a Room. And ſuch a Dial may 
be made by the Rules deliver d in the 4th, 5th, 6th and 7th 
Chapters of the Eighth Tra&ate ; or according to theſe Dire- 
cons following. 


Aving made a ſmall round hole in y Quarry of Glaſs in the Win- 

7 dow, and darkned the other part of - the fame Quarry rbund about 
the hole, you muſt upon the Window-Board draw a Meridian Line, whick - 
Line muſt paſs direttly under the hole before made, and muſt be.trans- 
ferred = the Cieling of the ſame Room, by the help of Perpendicular 
Threads. | 

Then from the hole in the Window, to the Meridian Line on the Ciel- 
ing, extend a String, till (by the help of your Semicircle) it makean 
equal to the Latitude of the place you make the Dza/ in, and where the 
String (with this condition) ſo reſteth, fix the end of the String in that poiat 
of the Cieling, letting the other part of the String hang ar liberty. 

This done, by help of an Horizontal Dial, whoſe Center (for the pre- 
ſent). muſt be placed in the hole in the Window ; the Lines of which D#at . 
muſt alſo be extended by a Thread fixed in the Center thereof, by which 
Line extended over each Hour, and the String before fixed in the Cielitig, 
the Hour-lines may be transferred and marked upon, or under the Window- 
Board ; and alſo upon the Jawms and Cheek Poffs of the faid Window, and 
there .umbred by Letters or Figures. 

Now ſuch a Dial being made, I ſhall ſhew 


How to find the Hour by the Sun in the day time, and any Star's 
Hour (or his Horary diftance from the Meridian) in the 
Night Seaſon. k 

" Who > | | 

I. By the Sun. 
H E Su» ſhinirig through the hole before made inthe Window, move 
the String, whole end is fixed in the Cieling,. along: the Hour Points 
which are marked about the Window, until th tire that the Spot of 

Light that cometh through the hole of the Window ſhineth updh the 

String, and then ſee upon what-Hour, or part of an Hour the String reſt» 

eth, ir that is the true: time of the Day. p WM 


2, By the Stars. 


His differeth little from the former ; for wheti through the Window 
yy ſee a known Star, and would know his Hour, move the Stri 
along the Hour Points as before, till ſuch time as you bring your Eye, the 
String, the Hole, and the Szar, all four in one and the ſame Plain, or right 
Lines for then will the String reſt upon that Star's Hour, or the Re 
diſtance from the Meridian. | 


I 00 


PROFECTIVE DIALLING. 
INI, By a Dial made in a Yard or Garden. 


N ſome convenient open place, ere&t a Pole perpendicular to the Hp. 
r:20n, about 10 or 12 foot high; then provide a Frame of Wood in 

rm of a Parallellogram, of what bigneſs you pleaſe , (but the fides being 
2 foot broad, and 3 foot long, is a competent ” gm' within the Area of 
this Frame make the true Hour-Lines of an Eaſt and Weſt Dzal ; which 
Hour-Lines may be of reaſonable big Wyre, and upon the edges of the 
Frame, which ought to be of a competent breadth (as 4 or 5 inches) to 


* draw Lines upon, and to fer the Numbers of the Hours, the Forenoon 


Hours on the Eaſt fide, and the Afternoon Hours on the Welt ſide, and 
over the Hour-Line of ſix ere&t an Axi (of a competent length) as if it 
were a Sun-Dial : Whuch Dial being thus prepared, if you ſer it upon the 


former ere&ted Poiz, fo that the two ends of the Frame may ſtand due 


North and South, and the Stzle thereof Parallel to the Axis of the World, 
then is it fit for uſe, cither to find the Hour of the Day by the Sux, or the 
Star's Hour in the Night. 


1. By the Sun. 


His is all one as if it were a Dial made againſt a Wall; for the ſha- 
dow of the Axi« upon the Frame will ſhew the Hour of the Day, 


2. By the Stars. 


en you ſee a Star you know, and would find that Star's Hour 

move your ſelf about the Dzal Poſt (coming nearer to it, or going 
farther from it) as occaſion offereth, till you bring your Eye, the Ax, 
and. the Sar in the ſame Plain or right Line, and then mind upon what 
Hour-Line (or between what two Hour-Lines) 1s intercepted by that 
view, for that is that Star's Hour; and by this Dial you may at any 
time know, 


What Stars are upon the Meridian, For, 


the Frame, you ſhall ſee what Szars are then upon the South part of 


& you go behind the North end of the Frame, and look by the ſide of 
the Meridian. 


* Andif you go behind the South end of the Frame, and look by the ſide 


of the Frame you ſhall there ſee what Stars are upon the North part of 
the Meridian, 

And thus, the Star's Hour (by any of the forementioned ways) being 
obtained, the true Hour of the Night may be alſo known, by help of the 
following Tables of the Swr's and Star's right Aſcenſion. 
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| 4 TABLE of the Complement of the Sun's Right 
| =_— in Hours and Minutes, for every Day mn 


the Tear. 


k — 


_— Sept. |= | Nov. | 
h. m, h. M. 1 


Oo AI|IO 
IO 
I'O 
| IO 
I'© 
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| A Table of the Right Afcofios of fone 6 eminent Fined Stars, 
and by them to find the Hour of the Night, and.when 
has & will be iy the Meridian. 
The Stars Names. Re | . The Stars Names. . : 
| h. = h. m. 
The Southerm, in Whale Taillo 27 | North Ballance, q 0 
Girdle of Andromeda. o© $I} | The Crown. 3 25 
Foremoſt Horn of the Ram. |1 36| | Scorpion's heart. BE 
Whale; Bell. I ad | Hercules right Shoulder. . [4 16 
South- Foot of * Androm. |: 43 | Hercules Head. 2 
W hale's Jaw. 12 417 Ophinons Head. 5 20| 
Brighteſt of the Seven Stars. | _—y The Harp. 16 22 
Bull Eye, * Aldebaron. 4 Valtare's Tail, 16 "54 
ay _ E —= = Eo 
[The Goat, Capella. 4 50 | The Swax's Bill, 7 26 
Orion's foremoſt Shoulder. |5 8| | The Vultare. 35| 
(Orion's Head, 5 17 | | Lower Horn of the Goat. 31 
Orion' s Belt, the Middle. .'|5 20 | Swas's Breaſt. 8 11 
Great Dog, Cyrius. 6 31 ans T nil. + FO 38 
Litthe Dog, Procion., . |7 22|. Hawkes "of the "Ne [8 33 
[Lower head of the Twins. 26 | | Cepheus Grade, [# 27 
North Aſcllus. 23 | | Pegaſus Mouth. 19. 2 
| _ . _ | cunatetch — 
South Aſſellus. } ro 3 
[Lion's Heart. 110 38 
[Lion's T ail, {x0 49 
Vindemiarrix. 11-50 
(Spica Virginis. i $8] | Caſhoped's Char. 11x 53: 
Arturus, 2- || 
te's left Should. 2. I9 
South Ballance. 2 82 


The Uſe of theſe Tables. 


1. Example : Suppoſe that upon the 31ſt of December I find the Great Dog's 
_ Diſtance from the Meridian (or his Hour) to be 9 Hours and 22 
nures, 


h. m, 

The Comp. of the Sun's Right Aſcenſion for Decemb. JI. is, 4 30 
The Right Aſcenſion of the Great Dog is, - 6 31 
And the Srar's Hour (by your Dial) 1s, 9 28 
Theſe being added together, make | 20 23 

From which take 12 Hours, and there reſts 8 Hours and 23 min. for the 


rue Honr of the Night. 2. Example. 
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2. Example, Upon the 11th. of December I obſerved the Horary Diſtance 


- of the BulPs Eye to be 8 Hours and 56 minutes from the Meridian, and | 


would know the true Hour of the Night, 


bh. nm 

+ Decemb, 11. The S«n's Right Aſcenſion is, 6 & 
The Right Aſcenſion of the BulPs Eye is 17 
That Star's Hour is (by the Dial) | $ 56 

' Theſe three _ added together, make 20 Y 
rom which Subſtra&t | I2 60 
There remains 8 n 


The 


'2x of December the Great Dog's Hour was 9 Hours 22 minutes from the 


Which is the true Hour of the Night. 


. Example. T obſerved the Hour of Ari«rus upon the 6th. of Februey 
to be 24 minutes after 6 ; and I would know the true Hour of the Night. 


| | h. mn, 
February 6. The Comp. of the Sur's Right Aſcenſion is, 1 58 
The Right Aſcenſion of Arras is 2 0l 
The Star's Hour obſerved by the Dial, was & 24 


The Sum of theſe make Io 23 
Which is the true Hour of the Night. 


For, This is a general Rule; If you add the Right Aſcenſion of an Star, 

Complement of the Sun's Righs Aſcenſion, and the Star's Hour, all three 
together RI 12 Hours if the Sz be greater) that Sum ſhall be the 
true Hour of the t. 


For Trial; Let us take the firſt Example before going, where upon the 


eridian--—The Complement of the Sun's Right Aſcenſion was 4 Hours 30 


minutes----Andthe Right Aſcenſion of the Great D.g was 6 Hours 3o minutes; 
theſe three numbers being added together, and 12 Hours abated (becauſe the 


San was 20 Hours 22 minutes) there will 8 Hours and 22 minutes remain, 


tor the Hour of the Night, thus : K 
| w 
Great Dog's Hour : 9 22 
Complement of the Ser's Right Aſcenſion 4 30 
. Great Dog's Right Aſcenſion 6 31 
Their Sum 20 2} 
Dedutt 12 ©0 
There remains 8 22 


Which 8 Hours 23 min. is the true Hour of the Night, as by this and 
the former Work. | | 


In like manner by theſe Dias may be found the Hour of the Night by 
the Moor (and this may be uſeful for ſuch as know not the Stars) but they 
muſt then know the Age of the Moon, which-any Almanack will afford, 


' The End of the Ninth TRACTATE. 
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OR, OF 
Inſerting the Uſual FURNITURE 
| INTO EY | beer 


PROJECTIVELY. 


The Temnh TRACT ATE. 


+ ©; w 
Of Furniture in General. 


I, 

Dial dire&ly, as the hours were in this manner. Upon the Plain 

(whereon you drew the Horizontal Dial, and from the ſame 

Center therein fixed) deſcribe a Circle; and upon it, ſet off from 
the Meridian Line, each tenth Azimuth by dividing each Quadrant of the 
Circle into nine equal parts, or each Point of the Compaſs by dividing the 
ſeveral Quadrants into eight equal parts; and applying the Plain to its firſt 
poſture, by a Thread from the Center of the Circle, proje& theſe Azimuths 
or Winds into the Horizontal Line, making marks in the ſame Line for each 
one of them, as you did before for the hours. After this, from the Point 
of the Gnomon, ſet a Thread perpendicularly either upward or downward, 
which may repreſent the Zenith Line, and 15 therefore the Axis of all the 
Azimuths. By this Thread then, and the Points ſigned out inthe Horizon- 


tal Line, you may projet the Azimuths or Winds in the ſame manner as 


you did the hours before. Or thus : Stretch a Thread from the Point of the 
Gnomon, to the ſeveral Points of the Azimuths in the Horizontal Line : and 
note the Nadir Point direQaly under the Point of the Gnomon, upon ſome 
objett laid there for that purpoſe. Then if with your eye you repoſe: the 
Thread before extended upon the ſame Nadir Point, the ſhadow or SOpen- 
rance of the Thread will ſhew upon the Dial Superkicies where the ſame 
Azimuth is to be drawn. The like muſt be done for every Azimuth or Point 
of the Compals ſeverally. 


3. Almicanthers may be proces by the. Semicircle it {elf , without any 
other help. For it you lift up the Semicircle to ſuch a Number of Degrees 
as anſwers to the Almicanther which is to be inſerted, and apply the Ryler 


Dddd of 


Zimuths, or 2 Points of the Compaſs, may be projetted into any 
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of it, being in that poſture to the Point of the Gnomon and to each Hour. 
line, 'or to the ſeveral Azimuth Lines, or elſe to any, part of the Superkicies 
which you will, the fame Ruler will ſign oat Points, through which the Al. 
micanthers are to be drawn. 


4. Such Almicanthers as ſhew the Proportions of Shadows (cait upon Horizontal 
Plains) to their upright Bodies, may be projetted in the ſelt-fame manner, by 
elevating the Semicircle to ſuch Numbers in the Geometrical Square (which 
1s upon the Semicircle) as anſwer to the Proportions that ſhall be required, 
'Fhat Point of the Square which is 3 3 anſwers to 18 deg. and is the Cre. 
puſculum Line. 


T Theſe four Particulars may be inſerted in this manner generally in all Lx: 
titudes alike, and are therefore as Univerſal as are the tormer Precepts for 
the hours, "The reſt that tollow muſt have particular Tables framed for 
them, agreeable to every Latitude. The Computation of which Tables 
may be 1n ſuch manner as is hereafter ſhewed, 


5. Parallels of the Sun's Declination ;, 6. Parallets of the Length of the Da TF 
7. Parallels of the beginning of the Twelve Signs, muſt tirit be known what 
Parallels they are from the Equinottial, or what Declination they have, and 
likewiſe what Alritudes each of them have upon every hour in your own 
Latitude. The Parallels of Declination are foon found it you determine 
which of them to pur in, as every fitth, or tenth trom the EquinoCtial, for 
their Declinarion 1s according to their Number. The Parallels ofthe 1 2 Signs 
are theſe x 1 deg. 3o min. for 5 mn" x : 2odeg, 12 min. for 1 @ 2 =: 23 deg. 
30 min. for s and vw: the Equinoctaal it felt ſerving for Y and =. Only it 
muſt be remembred which Signs are North, and which South, that ſo they 
may be placed either above or below the EquinoCtial. 'The Parallels for the 
days length of 16, 15, 14,13, 12, 11,9, 8 hours, of what Declination from 
the EquinoRtial they are, mult be ſearched out (as they ſhall agree to each 
particular Latitude) in this manner : As the Rad, to the Sine of half an 
hour, thar is to the Sine of 7 deg. 3o min. So is the Co-tangent of your La- 
tirude,to the Tangent of the Declination of that Parallel, which being North, 
makes the day 13 hours long, or being South makes it 11 hours long. So 
likewiſe, as the Raaiws, to the Sine of two half hours or 15 deg. co min. So is 
the Co-tangent of your Latitude, ro the Tangent of that Parallel that makes 
the Day 14 or 10 hours in length, And as the Raazes to the Sine of 3 half 
hours or 4 half hours, that is 223 deg. or 3o deg. So 15 the Co-tangert of 
your Latitude to the Tangents of the Declinations or Parallels that 
make the Day of 15 and 9, and of 16 and $5 hours length, c>c. A large Ta- 


ble to this purpoſe you have ready calculated for all Latirudes, trom' 16 to 


go deg. in the Sixth Trafate among the Tables there. 


Having found ſuch Parallels of Decl:nation as you mean to ule for the three 
former Purpoles, you are then to compute upon each ot them, the Alti- 
tudes of the Sun for every hour. And among{t many ways, let this be 
one, Which is general to them all, and belt wrought by the natural Ca- 
non in this manner. | 


Firſt, for the EquinoQtial, which is the Line that paiſerh through the be- 
oinning of y and =, and from whence ali Declinations are counted, asallo the 
Line upon which the Day is every where 12 hours long, che Alritudes for 

each 
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each hour may be found by this Proportion. As the Radiws, is to the Co- 
ſine of your Latitude ; So are the Sines of 1, 2, 3, 44 5, 6 hours, to the Sines of 
the Altitudes of the hours 7, 8, 9, 10, 11, 12, in the Morning, or of 5, 4, 3, 2; 
1, 12, inthe Afternoon, when the Sun is in the Equinottial. At 6 the Sun is 
1ſt in the Horizon. Now for inſerting the EquinoCtial Line upon a plain 
Superficies any two Alcitudes for two {uch hours as are at a convenient di- 
ſtance, will ſerve turn; becauſe the Equinottial being a great Circle of the 
Sphere, is proje&ted upon a Plain into a ſtrait Line, and two Points are ſuffi- 
cient to dire& where to draw a {trait Line upon a Plain. But if the Super- 
ficies be manifold or uneven, all the Altitudes muſt be made uſe of, or two 
Altitudes and the Point of the Gnomon will ſhew the Equinoctial Superkicies, 
and ſoit may be projetted with a T hread. 

Secondly, For all other Parallels this courſe may be taken, | 

1. Find-out the Sines of the Altitudes of 6 a Clock 'in all North Parallels 
by this Proportion; As the Raazes to the Sine of your Latitude; Sois the 
S:ne of every Declination, to the Sine of the Altitude of 6 a Clock in that 
Parallel of Declination. By this Sine found, and entred into the Canon of 
Sines, you may get the Altitude of 6.for every Parallel. 

2, For the "a North Parallels, add the Declination of your Parallel to 
the Complement of your Latitude, the Sum will be the Altitude of the Sun 


for 12a Clock in that Parallel. . Then out of the Sine of this Altitude of x 2, 


take the Sine of theAltitude of 6, reſerving the Difference. 

3. As the Radiws, to this Ditterence; So the Sines of 1, 2, 3, 4, 5 hours, 
to ſeveral fourth Numbers, or Sincs. | ; 

4. To every one of theſe fourth Numbers, add the Sine of the Altitude of 
6; So ſhall the ſeveral Sums produce the Sines of the Altitudes for every 
hour between 6 and 12. 

5. Take as many of thoſe fourth Numbers as you can, out of the Sine of 
the Altitude of 6 ; ſo ſhall the ſeveral Remainders make the Sines of the Al- 
titudes of ſuch hours as are between 6 and Sun-rihng, or Sun-ſetting, 

6. Take the Sine of the Altitude of 6, out of all ſuch of the fourth Num- 
bers, as are bigger than it, ſo ſhall the Remainders give the Sines of the Alti- 
des of the Sun upon ſuch South Parallels which have the hike Declinations 
from the EquinoQual, that theſe North Parallels have; 


T Thvs having found out the Altitudes required in each kind, they muſt be 
ordered into Tables, and reſerved for ule. And if according to the uſual 
manner of working by the Szmicircle, you infert*from the Point of the 
Gnomon into the particular hours ſuch Alritudes as your Tables afford, 
you ſhall find pricks through which to draw each requiſite Parallel. Burt, 
to ſave this labour, rhere are in the Sixth Trattate, Tables for this Purpoſe 
ready calculated for ſeveral Degrees of Latitude,and for the Sun's entrance 
into every Sign of the Zodiack, and every =_— Degree thereof. 


—————— — 


CGH A-F.-H. 
Of Signs of the Ecliptick Aſcending, Deſcending, and Culminating. 


F you would inſert the Signs into the Hour-lines, you muſt find out what 
Alritudes the Interſections of the Ecliptick have with the hour Circles 
(two of them at rhe leaſt, to fer them upon a Plain, but more are better, that 


they 
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they may ſerve in all Caſes, and to all Superficies) at that moment of time, 
when the beginning of any Sign is Aſcending, Deſcending, or Culminating 
which will be found a hard Calculation. It would be as eafie to find whar 
Altitudes the Ecliptick hath at thoſe times with ſome chief Azimuths. But 
the moſt eaſie way, that I know, will be to find out what Amplitude the be. 
ginning of every Sign, riſing or ſetting, hath, and what Altitude the Eclip. 
tick at the ſame time cutteth upon the Meridian. And for Signs Culmi- 
nating, it muſt be enquired what Altitude the beginning of each Sign hath 
when it is in the Meridian, and what Amplitude alſo it hath at the ſame 


time upon the Horizon. / 


Then for Signs Aſcending. If Y aſcend, then is the Amplitude oo, and 
y is in the Meridian, and fothe Meridian Altitude of vw 1s the Altitude of 
the Ecliptick upon the Meridian whilſt the firſt Point of 7 1s aſcending, Sg 
if the firſt Point of = be aſcendant, then likewiſe the Amplitude will be oo, 
and & will be in the Meridian ; ſo that the Meridian Altitude of S is the Al- 
tirude of the Ecliptick upon the Meridian, whilſt the beg:nning of = is aſcen- 
ding. For the other Signs, to know what Altitude the Ecliptick cuts upon 
the Meridian at their aſcent above the Horizon, there mult be inquired; 
1. Their Amplitude; 2. The Oriental Angle, or the Angle made between 
the Ecliptick and Horizon at the ſame time. _ 

1. The Amplitude is thus known; As the Sine of the Latitude, is to the 
Sine of the Declination of the beginning of any Sign ; So1s the Radiws, to the 
Sine of the Amplitude from the Eaſt, This tor North Signs being added to 
90, for South Signs ſubdutted from go, produceth the Amplitude reckoned 
from the South. 

2. The Oriental Angle, is thus found. Asthe Co-{ine of the Declination of 
the Point aſcending, isto the Sine of your Latitude ; So is the Radzws, tothe 
Sine of the Angle made between the Meridian that pafſeth through the 
Point aſcending, and the Horizon. This Angle added to the Angle made 
by the ſame Meridian and Ecliptick, gives the true Oriental Angle. Now 
the Angles madeby the Ecliptick and Meridians that paſs through the begin- 
ning'of each Sign, are theſe y 113 deg. 3o min. & * 110 deg. 38 min. I = 
102 deg. 16 min. S vw godeg. oo min. & # 77 deg. 44 min. nt ne 69 deg. 22 
min. = 66 deg, 3o min. Theſe, I ſay, are the Angles betore mention'd, which 
in theſe Northern Latitudes, and while they are 1n the Aſcendant, do look 
upwards from the Horizon toward the Zenith and North Pole, or towards 
the Arch included between them. But their Supplements mult be taken in 
South Latitudes. And although the Oriental Angle do fall out to be obtuſe, 
and the Tangent of it is uſed in the next Work, whereas Tangents ſerve ns 
further than go,it is to be remembred here that any Arch and the Supplement 
thereof have one and the fame, as Sine, ſo Tangent, and Secant allo. 

3. As the Radiws, to the Tangent of the Oriental Angle; So the Sine of 
the Amplitude from the South, to the Tangent of the Ecliptick's Altitude 
upon the Meridian. Now theſe Altitudes upon the Meridian being com- 
puted for 1 & 1 S & i « will be ſufficient ; for x aſcending, the Ecliptick 
hath the ſame Meridian Altitude that it hath when & aſcends : and the 
ſame with "oh y withs, 2 with Q, it with x, 


\ x 
T Thetwo Tables then of Amplitudes and Meridian Alritudes being fra- 
med, you may by theminſertthe 1 2 Signs aſcending in this manner with 


leaſt trouble, though enough too. Piece out Your Horizontal Line by a 
returning 
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— Thread where need is; and upon it projet the Amplitudes 
of the alcending Signs from the South, amongſt the- Morning hours; 
They muſt be protra&ed firſt upon a Plain or paſt-board as the hoursand 
Azinwuths were before, and from thence tranſmitted to the Horizontal 
Line, and marks or knots ſet thereunto. Then if the Meridian Line be 
there all is well; but-if it be not upon the Dial Superficies, you muſt, 
for a time,draw or ſtretch onein the Air by a Thread placed in the plain 
of the Meridian in ſuch manner as that it may receive what is now to be 
inſerted into it. Into the ſame Meridian therefore,by help of your Semi- 
circle, inſert the ſeveral Meridian Altitudes of the Ecliptick, and fet 
marksat them. After this, you may withoutany great difficulty; pro- 
jet the ſeveral Poſitions of the Ecliptick, thus : Stretcha Thread, fixed 
at one end to the Point of the Gnomon, tothe ſeveral marks ſet in the 
Horizontal Line,and at every ſuch extent let your eye repoſe the Thread 
upon that point in the Meridian which anfwers there to the ſame Sign 
that the Thread was extended unto in the Horizontal Line, ſo ſhall the 
ſhadow of the Thread ſhew you upon the Dial, where the Line for that 
aſcendant Sign is to be drawn. And ſo —_ projected them all (12 
in number) you may at the Eaſt end, among the Morning hours, write 
Signs Aſcending with the CharaQters of thoſe ſet upon each of them, 
which properly belong unto them : and, among the- Evening: hours, 
write Signs Deſcendiag, —_ upon each Line the CharaQters of thoſe 
Signs that are oppoſite to che former, becauſe when any Sign 1s aſcen- 
ding, the oppoſite is deſcending, 


Deſcending Signs then are put in by the ſame Work that aſcending are. 


Note, That in Dials that look towards the North,you muſt by yourSemicircle 
project the ſame Meridian Altitudes upward, above the Horizontal Line, 
and not downwards, as in Dials looking towards the South. 


9. For Sizns Culminating. You muſt firſt find their Meridian Altitudes, 
which 1s ally done for the beginnings of every Sign. For having their De- 
clirations before ſet down, you muſt, if they be North Signs, add their Decli- 


nations to the height of the EquinoQtial, or to the Complement of your Larti- 


tude, or in South Signs, ſubduCtt the Declinations out of the Complement of 
your Latitude, ſothe Numbers produced will be the Meridian Alritudes of 
the beginnings of the twelve Signs. Secondly, you mult ſeek what Ampli- 
tudes the Ecliptick hath, when the beginnings of thetwelve S1gns are in the 
Meridian. To which purpoſe alſo, the acute Angle made between the Meri- 
dian that paſſeth through the beginning of each Sign,and the Ecliprick, mult 
be had in readineſs: and they are theſe, Y = 66 deg. 3o min. & nm; X 69 deg. 
22 min Il Q 4 = 77 deg. 44 min. S vw godeg, oo min. And likewiſe it mult 
be noted, that any Sign from = tov being in the Meridian, the Ortive Am- 
plitade of the Ecliptick from the South is lefs than go deg. the Occaſrve more. 
But any Sign from »y to S poſſeſſing the Meridian, the Ortive Amplitude 1s 
from the South more than go deg.the Occaſtve leſs. Now then the Amplitude 
is found by this Proportion ; As the Raatws, is to the Sine of the Meridian Al- 
titude of the beginning of any Sign ; So is the Tangent of the Angle at the 
Meridian (ſet down betore tor every Sign) to the a_ of the Ecliptick's 
Amplitudeat that time from the South. The Amplitudes Ort:ve of the Eclip- 
tick when & and vw are in the South are always go deg. and if you enquire the 

Eeee Ortive 
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Ortive Amplitades of & m = m. 2, their Supplements are the Ortive Ampli- 
tudes for 0 s& Y # =, remembring the Cautions given before. And the 
Ortive Amplitude of the Ecliprick trom the South when any Sign is culmina- 
ting isequal to the Occaſive Amplitude of the Ecliptick from the South when 
that Sign that is as much diſtant from & as the fore-named Sign was, is 
culminating. 


T The Tables of the Ecliptick's Amplitudes from the South, and Meridian 
Altitudes being fitted, you muſt now accommodate your Horizontal and 
Meridian Lines as you did before for aſcending Signs; and then among the 
Morning hours from a plain Board or paſt-board, proje&t your Amplitudes 
into the Horizontal Line for the 12 Signs, and their Meridian Altirudes 
into the Meridian Line by your Semicircle. And being thus prepared you 
may project the Eclipticks ſeverally into your Dial Superficies, and Chara- 
Qeer each Line with that Sign that belongs untoit, and with the Chara- 
er of the oppoſite Sign that is in Imo Cel: at the ſame time. 


CHAP. 1Il. 


By Help of the Parallels of the Length of the Day may be inſcri- 
bed theſe that follow. 


10 Hours from Sun-riſing. 11 Hours from Sun-ſetting. 17 Plane- 


tary Hours. 13 The fiz Houſes that are above the Horizon. 
'F* H E Eaſtern part ofthe Horizontal Line is the beginning ofthe hours 


from Sun-riſfing, as the Weſtern part 15 the beginning of the hours 

numbred from Yeſterday's Sun-ſet. Look then for any two Paral- 
lels of the Days length that are of equal or even number (and not odd) as 
8, Io, 12. 14, 16: and if your Dial be deſcribed upon a Plain, count upon 
any two of rhoſe Parallels the firſt hour from the Horizontal Line, and draw 
a {trait Line through thoſe two Points : the ſame Lane if it be from the Eaſt 
part of the Horizon is the firſt hour from or after Sun-rifing,ittrom the Welt 
it 15 the 23 hour from Yeſterday's Sun-ſet. So the right Line drawn through 
theſe two ſecond Points from the Eaſt part of the Horizon 1s the ſecond hour 
from Sun-riſing,or from the Welt part it will be the 22 hour from Yeliterday's 
Sun-fet, which are according]y to be figured. And fo of all the relt. 

For the Planetary hours, chooſe out the Parallels of the day's length 15 
and 9g hours; and an the firſt take each 5 quarters from the Horizon, in the1e- 
cond each 3 quarters,and draw ſtrait Lines through them it the Superticies be 
plain, the FB Lines are the Planetary hours,the Meridian being 6,the Welt 
Horizon 12, But in all theſe, if the Superficies be not plain, but either m 


Plains together, or one curved and irregular, you are to ſtrercha "Thread ſoas 


that you may ſee the two Points for each hour before-mentioned,and the Point 
of the Gnomon altogether upon the Thread ; then ſhall the {nadow ot the 

Thread in that Poſition expreſs where every ſuch Hour-line muſt be dgawn. 
For the Houſes, find out by your Semicircle, that Point in the hour of 12 
that is level with the Point of the Gnomon. If then your Dial be upon a. 
plain Superfictes, draw ſtrait Lines from the fore-named Point through each 
tccond Hour-point.in the EquinocCtial Line on both ſides 1 2 ; the ſame _ 
a!: 
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{all be the 6 Houſes above the Horizon, and the Meridian Line 1s the tenth 
Houſe. But if the Superficies be curved, hold a Thread ſoas that you may ſee 
through it the foreſaid two Points of each Houſe, together with the Point of 


the Gnomon; for then the ſhadow of the Thread will ſhew to your eye where 
each Houſe 1s to be drawn. 


CHA EF. IV.. 
14. Of the Riſing, Culminating, and Setting of any Fixed Star. 
Suppoſe the Star to be Lacida Pleiadum. 


$ ar E Declination of the Star Northward is 23 deg. oo min. the right 


Aſceiifion 51 deg. 42 min, Firſt then, get the Semidiurnal Arch of 
the Star by this Proportion, As the Co-tangent of your Latitude, to 
the Tangent of the Star's Declination : So 1s the Radius tothe Sine of the Star's 
Aſcenſional difference, which being added to go deg. (becauſe the Declination 
is North,elſe it ſhould be ſubſtrated) gives the Star's Semidiurnal Arch. For 
London it would be 122 deg. 15 min, This taken out of the Szar's right Af- 
cenſion, leaveth (289 deg.27 min.) the right Aſcenſion of Medium Czli when 
the Star is riſing.Or the Semidiurnal Arch added to the Star's right Aſcenſion, 
gives (173 deg. 57 min.) the right Aſcenſion of Medium Celi when the Star 
is ſetting, Then laſtly alſo, the right Aſcenſion of che Ser is the right Af 
cenſion of Mediam Celi when the Star culminates. Now having gotten theſe 
right Aſcenſions, you may get the Points of the Ecliptick, their Declinations, 
and the Angles of Ecliptick and Meridian an{werable, in this manner. As 
the Radims, tothe Sine of 66 5 deg.. Sois the Tapgent of right Aſcenſion, to 
the Tangent of the Point of the Ecliptick anf{werable. As the Radzwe, to 
the Sine of right Aſcenſion ; So the Tangent of 23 z, to the Tangent of the 
Declination of that Point to which the right Aſcenſion belonged, As the 
Radixs, to the Sine of 23 4 deg. Sothe Co-fine of right Afcenlion, to the Co- 
ſine of the acute Angle made by the Ecliptick and Meridian, | 
\ Thea note, that if the right Aſcenſion of Medium Celt be in the ſecond or 
| third quarters of the Equator, the Ortive Amplitude of the Ecliptick from the 
South 1s leſs than go deg. the Occaſive more. Burt if the right Aſcenſion be in 
the fir{t or laſt Quarters, then is the Ortive Amplitude more than go, the Occa- 
ſive leſs —— Having found Medium Cezli, ſay, As the Radims, to the Sine of 
23 3 ; Sothe Sine of MediamCwli, to the Sine of the Declination of Medium 
| Cal. By this Declination compared wich the Altitude of the Equator, you 
. may alſo find the Altitude of Medium Cali, which is the Meridian Altitude of 
; | thc Ecliptick. Then again, ſay, As the Radiws, to the Sine of the Eclipticks 
, Meridian Altitude ; So is the Tangent of the Angle between the Ecliptick 
S 
It 


and Meridian, to the Tangent of the Ecliptick's Amplitude. 
In this manner alſo may the appulſe of any Fixed Star to any Azimuth, or 
- Almicanther, or Meridian, or any other ſtanding Circle, be computed and in- 


lerted ; If namely , the Situation of the Ecliptick at that ſame moment be 
projected upon the Dial. ; 


hn || 4 Theſe being found, will help to put in ſuch Lines as ſhew the Star's Af- 
bh cenſion above the Horizon, Deſcenſion, and Culmination. The manner - 


PROFECTIVE DIALLING. 


_ of putting themin, is the very ſame that was uſed before for inſerting the 
Signs of the Ecliptick Aſcending, Deſcending, Culminating, fo that more 
ords about it will be needleſs. 


Theſe are the principal things wherewith Sun-Dials are uſually furniſhed, 


* Tf theſe be well underſtood, it will not be hard to inſert the Coſmical, Acro- 
mical, or Heliacal riſing and ſetting of Stars, or any ſuch like requiſites, All 
the ſeveral uſes of each kind of Lines is ſhewed by the ſhadow of the Point 
of the Gnomon, as 1t creepeth along through them. 


—__r 


* 


HAT V: 


Other Precepts concerning the Inſerting or Projeting of the Furniture 
into Sun-Dials. 


T. Of the Equator, and two Parallels thereto. 


Names. 1. Parallels of Declination. 2. Parallels of Signs. 3. Pa- 

rallels of the length of the Day. Now all theſe Parallels being but 
of one kind though of ſeveral Relations, mult be put into a Dial in one and 
the ſame manner; only you are to find which Parallels upon rhe Planiſphere 
are anſwerable to each of theſe, and this is ſhewed before in Chap. 3. SefZ. 5. 

Now in general alſo be admoniſhed, that all things which are inferred by 
this manner of Work, are done by their Altitudes above the Horizon ; and if 
they be great Circles,ſuch as are the Equator, Eclipticks, Azimuths and Hori- 
zon, then will two Altitudes in any two hours of your Projection ſerve toin- 
ſert ſuch into any Plain,becauſe every great Circle projected upon a Plain be- 
comes a ſtrait Line, and two Points are enough to ſhew where a ſtrait Line 
isto be drawn; But for every leſſer Circle you muſt have as many Points of 
Altitude as there are hours, through which Points your lefler Circle is tobe 
deſcribed with a light hand. 

1. Therefore if you would put in the EquinoQtial, chooſe any two hours: 
upon your Plain (of as good diſtance as may be, that your Work may be 
the truer) and look upon your Planiſphere what Altitudes the EquinoCtial 
IEG hath upon thoſe two hours (as which to do is ſhewed before, Set, 6, 
Chap. 3.) | 

Thais with your Semicircle expreſs thoſe two Altitudes upon the faid two 
hours of your Dial, and you ſhall have two Points through which it you 
draw a ſtrait Line, it ſhall be the EquinoQtial Line, upon which you are to 
fix the CharaQters of Y* and =. 

2. Todraw any of the Parallels of Declination,look upon your Planiſphere 
which Parallel anſwers to it,and then look there what Altitudes the ſame Pa- 
rallel hath upon every hour (per Prop. 6. Cap.3.) and with your Semicircle ex- 
preſs thoſe Altitudes upon the Plain, each Altitude in 1ts proper hour ; So 
ſhall you have Points in every hour, through which the ſame Parallel is 
to be drawn ; If they be every 10th. you muſt number them by 10, 
20, &c. above and below the Equator. The fame is to be done for the 
Parallels of the beginnings of the 12 Signs, upon which when they are 


drawn you muſt ſet the CharaQers of the 12 Signs 1n their proper 'p w_ F 
n 


'$:3 E Parallels of the Equator are uſually diſtinguiſhed by theſe three 
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And three for the Parallels of the length of the day, upon which you are 


to write the numbers -of the length of the day, nor ſhall I need to make 
more words about them. 


II. Of the Horizon with the Parallels thereof called Almicanthers, 
and of them ſuch as ſhew the three Proportions of the lerigth 
of the Shadow to any upright Body : Of the Azimuthis or 
Vertical Circles, and (among them) of ſuch as ſerve for the 
Points of this Compaſs. | 


x. The Horizon was inſerted at the firſt begintiing of the Work, and is 


_ repreſented by the Horizontal Line lying wholly in the ſame Level with the 


Apex of the Gnomon. | = | 
2, The Almicanthers or Parallel of the Sun's Altitude above it may be in- 


+ ſerted by the Semicircle alone without the Planiſphere ; For if = every 


hour you expreſs by your Semicircle one and the ſame Altitude (wv. g. the 
10th, deg, of Altitude) and through thoſe Points draw an Oblique Line as 
the manner is, the fame Line will ſtand for the (10th,) Almicanther requi- 
red ; and fo of the reſt. | 

3. For ſuch Almicanthersas ſhew any common proportion between the 
ſhadow and the upright Body ; The eaſieſt way will be to have marked our 
upon your Semicircle, ſuch Almicanthers as you deſire to put in, or which is 
better and more handſom you may deſcribe in each of the two Quadrants 
which do make up the Semicircle, two Geometrical Squares,the ſides where- 
of may be divided into 120 equal parts, and numbred as the uſual manner is, 
and is expreſſed in the Figure of the Semicircle ordinarily, ſo ſhall you have 
all proportions fitted to your hands” As if I would put in that Almicanther 
which ſhews the ſhadow to the upright Body to be as 5 to 3. that is, as 120 
i5t072; count 72. from the Semidiameter of the Semicircle towards the 
middle Point of the Square, and then I inſert that Point into every of the 
hours upon the ſame, and accordingly to draw a curved Line through them, 
and write upon it + or ſuperbipartiens tertias : But it I would inſert the con- 
trary proportion, as of 3 to 5, then I count upon the Square the former num- 
ber.72 from the Diameter of the Semicircle towards the middle Point of the 
Square, and then I inſert that Point as before, and write upon the Almi- 
canther + or ſupertripartiens quintas, Now whenfoever the Apex of the 
Gnomon comes into the firſt of theſe Lines (then the ſhadow 3 +5 upon the 
Square is theCrepuſculumLine or 1 8thAlmicanter which will ſhew the Twi- 
Light upon the oppoſite Parallel) then you may conclude that the ſhadow of 
an upright Body or Building being caſt upon a flat level plain, 1s in propor- 
tion to the upright Body as 5to 3 ; that is, if you divide the ſhadow into 5 
equal parts, three of the ſame parts will give you the Altitude of the up- 
right Body ; So in the ſecond Example, if you divide the Shadow into 3 equal 
parts, five of the fame parts will give the length of the upright Body ; And 
thus the ſhadow of the Sun performs the uſes of the Geometrical Square. 

4. If you would put the Azimuths into your Dial,lay the Ruler upon your 
Planiſphere to that Azimuth which you mean to put in,then obſerveany two 
hours (the further diſtant the better) where they interſect the Ruler, and 
count the Altitude of their Interſe&ions from the Horizon, and 1nfert them 
by help of your Semicircle into the Dial, each Altitude 1nto its proper hour ; 
ſo ſhall you have two points through rr may draw your Azimuth F 

an 
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and ſo muſt youdo with the reſt of them, and number them from-che South 
by Fenrhs or Fifths, according as you put-in every Tenth. or Fifth, 

The ſame courſe 1s tobe taken for the Points of rhe-Compals which are alſo 
Azimuths, and each 11 4 deg. of the Horizon repreſents them, for there are 
8 only ita Quadrant, now 8 1s contained 1n' go'degrees xr 4 times, fothat no 
more needstobe faidof theſe; they are to have their proper names ſignified by 
their Letters,as the firſt, ſecond. and third from the South, Eaftward,are noted 
by theſe Letters S bE : SSE: SE bS: &%. and fothe reſt as moſt know. 


III. Of ſuch things as concern the moving of the Ecliptick. And 1. of 
the putting in ſuch Lines as ſhew what Signs are at anytime Rifi 

or Setting (commonly called Signs Aſcending or Deſcending. 
2. Such Lines as will ſhea what Signs are at any time in the 
Meridian, commonly called Signs Culminating. 


I F-4. 


Se the Figure 
of the Horiqon-* 
12] Dial. 


1. Suppoling any Sign to be deſcending you are taught by your Plani- 
ſphere (Prop.7. Chap.z.) to know what degree of the Ecliprick is in any Hour- 
circle : Chooſe you then 2 Hour-circles anſwering to ſuch as are upon your 
Plain of a competent diſtance, and enquire what degrees of the Ecliptick are 
in them at the ſame time, and find out their Altitudes by the fame 7th Propo- 
ſition, then by your Semicircle inſert thofe Altitudes into their proper hours 
upon the Plain, and from the two points inſerted draw a ſtrait Line (becauſe 
the Ecliptick is a great Circle) which ſhall bethe Line, ſhewing when ſuch a 
Sign is deſcending, and the oppoſite Sign aſcending ; Wherefore upon that 
Line you muſt ſer (ſuppoſe s were deſcending) xv D, and the oppoſite to it ne 
A. Or better. The Signs aſcending may be charaQterized upon your Dial, 
atthe Weſt end of the Line with this written amongſt them [Signs Aſcenden- 
tia] and the Signs deſcending at the Ealt end of the Lane with [Sg De- 

ſcendentia] written to them. 

2. The very ſame courſe you are to take for the Signs culminating, if you 
make nſe of the 8th. Propoſition of the former Chapter, fo thar it ſhall not be 
needful to make more words of them ; and they muſt have ſet upon them the 
CharaGters of the 12 Signs with ['Si2n4 Culminantia] written amongſt them 
at the'one end of the Lines, and the opp6ſite CharaQters at the other end with 
[ Signa in Imo Celi] written. 

 rbutr a the uſing of theſe Lines when they are drawn, conſider the 
Caution on the oppoſite ſides inſerted. 


IV. Of the Hours of other Countries. 


Horzab ortuz; Beſides the hours which we have already deſcribed which only are in uſe 

may be put i amongſt us, and are called Aſtronomical, ſome Countries number their hours 

Feclin. if « from the Horizon, and that three ways, therefore are called by three names 
Thread be ex- yſually, Hore ab ortu ; Hore ab Occaſu; Hore Planetarie vel Judaice,the two firlt 
— kinds are equalhours, as thoſe with us are, and of the ſame length really, but 
declin. in lin. are numbred from 1 to 24. that is from one Sun-rifing to the next, and ſo from 
horizontali & one Sun-ſetting to the next, but the laſt are numbred from Sun-riſing to Sun- 
of ngar A1- ſet, every day being equally divided into x2 hours, which makes the hours of 
micant. recli- ſeyeral days to be unequal one to the other, whence they are alſo call'd Hore in- 
nations. equates, How to ne inſ into Dials, if the Parallels of the length of days be 


drawn before, then there is no difficulty. For, 


1. The 
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1. The hours ab Ort, begin ſrom the Eaſt part of the Horizon ; look there- 
fore upon your Dial for two of thoſe Parallels on which the day makes an 
even number of hours, as for Example 16 and 8. upon the firſt of which the 
Sun riſeth at 4 in the wag ,upon the latter at 8 ; Therrobſerve again upon 
theſe two Parallels the InterſeQions that every Hour-line of the Dial makes 
upon them, as next to 4 and 8. through which the Horizontal Line paſſeth, 
you ſhall ſee the SeQtion of 5 and g to follow, and then 6, and 10, &s. If now 
through the Interſe&tions of 5 and 9 with thoſe Parallels you draw a ftrait 
Line, the ſame ſþall be 1. hour ab Ortz; and one drawn from the InterſeCtions 


of 6.and 10. ſhall be the ſecond hour, and fo of all the reſt. Bur if the fore- - 


named Parallels be not drawn, you muſt prick down where they ſhould be 
drawn, as was before ſhewed in this Chapter, and ſo make uſe of thoſe Points 
for the ſame purpoſe, which is ail one with the former. _ 

2. The hours ab Occaſ#, are in like ſort to be dealt withal ; for if you 
make uſe of the ſame Parallels before mentioned,as 16.4nd 8. where the Sun 
ſers upon the Welt end of the Horizontal Lineon the Daal, in the firſt at 8.in 
the latter at 4 Clock, which ſetting is to be accounted the 24 hours, then it is 
evident that in the ſame Parallels 7 a Clock and 3 are the 23 hour, 6 and 2. 
are the 22 hour, 5 and 1. arethe 21 hour,and ſo of the reſt ; wherefore if from 
theſe mentioned pairs of hours w here they interſect the Parallels, you draw 
ſtrait Lines (upon Plains not elſe) they ſhall be the 23.22.21 hours 4b oc- 
caſu hefterno, and the Welt end of the Horizontal Line js the 24 hour ab occaſs; 

3. The Planetary hours are to be dealt withal in this manner, upon your 
Planiſphere, chooſe ſuchParailels of thedays length as are eaſieſt to be divided 
into 12 parts, ſuch as are 15 and g, in the firſt of which 14 of an hour makes 


+ hours makes 3 Planetary hours, &«. In the latter 4 of an hour makes one 

lanetary hour, 4 or zz hour makes 2 Planetary hours, 7 or 24 hours makes 3 
Planetery hours, and fo forward. If then the faid Parallels of 15 and g. be 
drawnupon the Dial, you may prick on them the places where the Plane 
hours ſhould paſs, bur if thoſe Parallels be not drawn you muſt then take the 
Altirudes of theſe SeCtions, or imagine points upon your Planiſphere, and ex- 
preſs them upon the an{werable hours and parts of hours upon your Dial- 
plain, you ſhall then find 2 points for each Line of thoſe Planetary hours to be 
drawn, and accordingly draw them, which if they fall out juſt, ſhould paſs 
through the hours upon the EquinoCtial Line ; but this is nor altogether to be 
expected, becauſe the Planetary hours are not really grout Circles upon the 
Sphere, and fo not abſolute ſtrait Lines upon the Dial, though near enough 
to give an eſtimate of ſuch a Divifion of theday, you may therefore for more 


accurateneſs draw them a little bending, that ſo they may paſs through the 


hours of the ZquinoCtial. "The 12 a Clock is always 6, the reſt numbred ac- 
cordingly. 


V. Of the Siz Houſes above the Horizon,and how to protraft them alſo, 


From the Point where 12 cuts the Horizontal Line to the hours of 8.10.1 2. 
2. 4.111 the Equinoctial Circle draw right lines, and they are'the 6 Houſes a- 
bove the Horizon, thoſe below are not to be ſhewed by the Sun, who is then 
below too: The Weſt end of the Horizon is the beginning of the Seventh 
Houſe, the next Line begins the Eighth Houſe, the next the Ninth Houſe, 
the Meridian the Tenth Houſe, and fo forward, according to which rate 
they are to be numbered. - | 


vI. Of 


| ot of a Planetary hour of the day, 24 hours makes two Planetary hours, }. 


its 
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VI. Of the Horizon of any City or place, whoſe Longitude and La- 


titude is known, and how to inſert it into a Sun-D1al. 


The ſpeedieſt way that I can pitch upon,is this. After you know what kind 
of Longitude (whether Eaſt or Weſt) and what kind of Latitude (whether 
North or South) the Horizon or Place hath, and conſequently having con- 
ſidered. whether the Eaſt or weſt part of the Horizon be to be inſerted, 
or both Eaſt or Welt (for all theſe cafes may fall out.) Having I ſay con- 
ſidered of all theſe things fully before hand, you may reſpeQively order your 
Work, as for an EaſterlyPlace whoſe Latitude is Northern,this Example will 
ſhew. Suppoſe I would put the Horizon of Coxſtantizople into a Dial. 
Firſt, I know Conſtantinople to have a- North Latitude of 43 deg. and that it 
differs from the Longitude of London 2 hours 16 min. and that towards the 
Eaſt : Now becauſe it lies Eaſtward from us, therefore the Sun riſeth in the 
EquinoRiial, and ſerteth there alſo before it doth with us; and this riſing in 
the EquinoQtial before us, is ſo much in time as the difference of Longitude 
comes to, viz, 2 hours 16 min. If theretore you deſcribe the EquinoCQtial Cir- 
cle upon your Dial (both above and below your Horizontal Line) and then 
either on the Eaſt part of it count the difference of Longitude from the hour 
of 6 always, and(in theExample here given)above theHorizontal Line on the 
Eaſt part (becauſe the Sun riſeth with them before us) or again, you may be- 
low the Horizontal Line on the Weſt part (nothing 1s to be above the Hori- 
zontal Line in any part) count upon the Equinoctal the fame difference of 
Longitude from F a Clock, thus is 16 min. before 4 a Ciock on either part, or 
Ja Clock and 44 min, ſo ſhall one oftheſe twopoints (that which is moſt con- 
venient) and the Gnomon give you two points, whereby to projeCt the Hori- 
zon of Conſtantinople, and that mnſt be extended fo far as the projeCtion of 
the 2 Tropicks and Horizontal Line do go, that ſoit may ſerve for all times 
of the Year which are poſſible. If in this Example on the Eaſt part the 
Proje&ion fall quite out of thoſe forenamed limits, it muſt there bh quite 
negleed, and only put on upon the Welt part of the Dal. 

How to find a Third point. It may be done many wm upon your own 
Meridian thus: As the Raazws is to the Co-ſine of the difference of Longi- 
tude; So the Tangent of the Latitude of Conſtantinople,is to the Co-tangent of 
the Arch of our Meridian intercepted between theNorth Pole(in this Exam- 
ple) and the North part of the Horizon of Conſtantinople, or from the South 
Pole, or South part of that Horizon. If therefore you ſtretch a Thread into 
the Air that may lie on the Planities of your Meridian, you may by your Se- 
micircle inſert this point ; But firſt you muſt conſider how far it is from this 
point to your Zenith : If therefore (in this Example) it bethe point of the 
North part of your Meridian, add the Complement of your Latirude tothe 
interceptedArch before found ; it it be the South point of your Meridian, or 
of the Horizon of Conſtantinople, then ſubduQt the Complement of your Lati- 
tude out of the forenamed Arch,ſo ſhall you ger the dittance of this point of 
your Meridian from your Zenith, the Complement or exceſs whereot 1s, the 
Altitude or Depreſſion from your Horizon. Afterwards by your Semicircle , 
you may put it into the Meridian Line or extended T hread,by counting the 

Complement of that ſame diſtance, or the Altitude upon the degrees of 
your Semicircle, N 
OW 


IF 
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Now then by the point before found in the EquinoCtial, and by this point 
thus found in the Meridian, and by the point of theGnomon; I fay by theſe 


3 points may the Horizon of Conſtantinople be inſerted ; and ſo the Horizon 
of any other Place. | 


2. Andther. way to find two Points for the ſame purpoſe, upon | 


two Hour- Lines. 


Take any hour (as ga Clock in the Morning) count the diſtance of it from 
6 (3 hoursor 45 degrees) and becauſe the hour is Weſt of 6 a Clock in the 
Morning, but the place Eaſt, add the 3 hours to the difference of Longitude, 
which is 2 hours 16 min. the Sum is 5 hours 16 min, 


In general get the difference of Longitude between the Seftion of your pla- 
ces Horizon (which SeQtion will either be Eaſt or Weſt) with the <1 
noQtial, and the hours, that 1s, get the Arch of the Equator contained be- 
tween them. 


Then ſay, as the Radius is to the Co-tangent of the Latitude (43 deg.) of 
the Horizon (of Conſtantinople) {o 1s the Sine of (79 deg.) that Arch of the E- 
quator to the Tangent of an Arch (46 deg. 38 min.) of the Hour-circle of g 
contained between the Equator and theſame Horizon : And becauſe the La- 
titude of Conſtantinople is North, therefore the Arch falls upon the South ſide 
of the Equator : So that if ſuch a point, or degree were inſerted upon that 
Hour-circle of 9, then was onepoint found. Now to inſert it we muſt know 
what Altitude or Depreſſion that point bears. from our Horizon, which to 
fiad by calculation, we have firſt the Complement of ourLatitude, which Com- 
plement is 38 deg. 3o min. Secondly, The diſtance of that point of the Circle 
of 9 from the North Pole, that is go deg. and 46 deg. 28 min. or 136 deg, 28 
min. And Thirdly, The Angle of the hour of 9 from the Meridian, which 
is 45 deg. that isto ſay 2 ſides, and the Angle comprehended by them ; ſo that 
the Baſe, or third ſide (whoſe Complement is here required) may be found. 
Having then found this.\ltitude orDepreſſion (which in the preſent Example) 
is 15 deg. 20 min. it may be inſerted into the hour of 9 by the Semicircle.. 
And in the ſame manner may another point be inſerted into another hows 
Theſe two points then with the point of the Gnomon (3 in ail) will ſerve to 
project the Horizon required. 

Upon the hour of 6 a point may be found more eaſily, and the Altitude or 
Depreſſion of it : Firſt, for the point in the Hour-circle of 6: As Radiws is to 
the Co-tangent of the Latitude of Conſtantinople; So is the Sine of the diffe- 
rence of Longitude to the Tangent of 3o deg. 57 min. an Arch of the hour of 
5 comprehended between the two Horizons, ours and theirs. 'This Arch (in Dn ic 
this Example) muſt be added to go deg.. So the Sum gives the difference of 27,6; a8 
that Section upon 6 from the North Pole : But then as the Radzws is to the tinople 43deg. 
Sine of our Latitude ; So is the Sine of that (3o deg. 57 min.) Arch of 6 a os = 34 
Clock to the Sine of the (27 deg. 59 min.) Depreſſion of the Seftion of Cox- Ol 
ftantinopleHorizon with our 6 a Clock Line-depreſſion I ſay, becauſe the point $3 deg- co” 


of Interſection is below the Horizon of Lonaor. _—— 


deg. 4© mn. 


3. Another way to put in ſuch an Horizon. 


Firſt, get the Declination (83 deg. oo min. South Eaſt) of it, and the Re- 
clination (65 deg. 40 min. North) or Inclination, with the Coaſt where- 
Ggee 0 
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to it declineth. This Work may be performed by a Spherical Triangle made 
by the Poles of the Equator and of the two Horizons of London and Conſtan. 
tinople. Then having tound theſe things ; you may inſert them thus. Firſt, 
from the Eaſt point ot your Horizon, count the Declination to thetrue Coaſt, 
and inſert it into the Horizontal Line, for that ſhall be one point where Cox. 
ſtaxtinople Horizon is to paſs. Then again from the Meridian point inſert 
into the Horizon (to the true Coaſt) the ſame Declination ; ſo that this point 
of the Declination from the former may be diſtant go deg. To this laſt point 
having relation alſo to the point of the Gnomon, ſtretch a Thread in the Air, 
or draw a Line, that may hie in and repreſent the Azimuth paſſing through 
thoſe two points(whicha perpendicular Thread repoſed upon thoſetwo points 
will direct you) then by your Semicircle projett into this Azimuth Line or 
Thread the Reclination from the Zenith of your place, either above or below 
your Horizon, as you ſhall diſcern the Poſition of it to require. So then, by 
this means you have another point where through the ſame Horizon muſt 
paſs. Theſe two therefore with the point of the Gnomon wall ſerve to pro- 
ject the ſame Horizon upon all Superficies that ſhall be found to ſtand in the 


way. 
Another way for the ſame. 


When the Parallels and points are drawn firſt upon the Dial,with the hours 
you may put in any Horizon without great trouble, thus. The Weſt part of 
Conſtantinople Horizon , The difference of Longitude 1s 34 degrees, therefore 
the Sun in the EquinoQtial fers 2 hours 16 minutes with them before it ſets 
with us. The Weſt point therefore of that Horizon 1s upon the Equator at 
3 hours 44 min. this 15 one point. Then find another point upon ſome other 
Parallelsas S or v, let it be, on the ſhorteſt day at Conſtantinople the Sun 
ſetteth at 4 hours 24 min. that 1s the day is then x hour 36 min. ſhorter than in 
the EquinoQtial, and fetteth 1 hour 36 min. ſooner : Therefore fromthe Hori- 
zontal point noted before upon the Equinoctial count 1 hour 36 min. ſooner 
(that is towards our 12 a Clock) and find that hour or point of time in the 
Parallel of y, and there you ſhall have a ſecond point of the Horizon : Theſe 
with the Gnomon make the three requiſite points to draw or projett the Hori- 
zon : And this 1s the eaſieſt way ; but more ways might be tound to perform 
the ſame thing, yet theſe may very well ſuffice. 


WO 


CC MAT VT. | 
I. The Uſe of all the Lines of the Furniture. 


HE Point of the Gnomon's Shadow ſheweth (among the Equator and 

Parallels thereto.) 1. TheSun'sParallel of Declination.2.Parallel of the 

days length. 3.TheSign wherein theSun is— Amongſt the Almican- 
zers it ſheweth ; 4. How high the Sun is above the Horizon. 5. What Pro- 
portion the Shadow of any upright thing, caſt upon an Horizontal Flat, bear- 
eth to the upright Body——Amongſt the Azimuths it ſhewerh. 6. What Azz- 
wath the Sun 1s in. 7. What Point of the Compaſs the Sun is on A- 
m the projeted Eclipticks it {hews. 8. What Sign is aſcending above 
the Horizon, or deſcending. 9. What Sign is Culminating Among the 
hours of other Countries Account, it ſhews 1x0. The hours of © ay 
11. Or 
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11. Or from and to © ſetting. 12. It ſhews alſo the Planetary hours. 13: 
What houſe the © is in. 14. And principally the hour of the Day. And 
what elſe may be deduced out of theſe. 


II. Of the Commodities of theſe ProjeFive Ways. 


Leſs coſt beſtowed ; No Inquiſition after the ſite of the Superficies in re- 
ſpe& of Declination or Inclination ; Not material whether it be upon one, or 
more Superficies together ; Nor whether the Deſcription be drawn upon a 
plain Superficies, or curved one, or more ; Not material how thoſe more 
Superficies do ſtand , whether contiguous, or remote, one to another ; 
The tediouſneſs of an Axis botIf making and ſetting avoided ; The Inſertion 
of the Furniture infinitely bettered and eaſed ; No trouble in the obſervati- 
on of Caſes comparable to the other ;—The greateſt trouble is the finding 
out the Sun's Azimuth, which yet may be avoided,ifan Obſervation be made 
juſt in the Meridian. 

No trouble by reaſon of inconveniences that fall out, when the Stile hath 
but ſmall Elevation, and the Dial without a Center, the other ways are very 
troubleſome. — The way that all men hitherto went, was firſt to make 
the Dial, then to ſet the Gnomozs ; But this 15 quite contrary and much better 
becauſe the trouble of ſetting the Gzomon, 15 much harder than fitting the 
hours to it : For here the Gzomon is firſt ſet, and then the hours fitted to it: 
Caſes in Declination, and Reclination avoided ; In great Recliners it is hard 
by other ways to pitch the Work true, for a {mall error in the Horizontal 
Line, may cauſe a degree or two in the Vertical, upon which all depends ; 


"The very plaining of the Superficies (if no thing elſe were to be done) is 


more troubleſome, than all this work of finiſhing the. Dial. 


POSTSCRIPT 


T was my intent,in this Place,to have inſerted a Figure in PerſpeCtive, re- 
preſenting the inſide of a Room, with ſeveral Howr-lines, Tropicks, Azi- 
muths, Almicanters, and other Lines of the Furniture of Sun-dials drawn upon 
the Walls Window-boards andJambs, and other various Plains which the inſides 
of almoſt all Rooms are incumbered with, and therein ſeveral Capits or ſmall 
Figures Feprexemting the Aings of thoſe hungs, namely, the extending and 
projecting of Lines, hanging of Perpendicular Threads, and other performances 
in thisTraFate required to be done and there only verbally direted; but being 
(my ſelf) no Deſigner or Draught's-man, I could not meet with any perſon 
that with convenience (to my fatisfattion) could hit my intention 1n that 
kind; but that was my intent to have done both in this of Projed#ive and the 
next TraQate of Refle:tive Dialling : but being thus wag 4 png of my in- 
rentions in this kind, I ſhall give you a ſhort account of ſome Dials, made 

after theſe Projefive ways. p 
Firſt, If in the Glaſs-window of any Room, one Pain or Quarry of Glaſs be 
darkned, and a hole abont a __ of an inch Diameter about the middle 
thereof, the Sun ſhining upon the Window will, thro? that hole, caſt a bright 
Spot of Light into the Room, which as the Sun 1n his motion paſleth by the 
W1ndow, the Spot of Light will be alſo removed from place to place, ſome- 
times upon the Window-boards,ſometirges upon the Jaumbs, ſometimes = 
rae 
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the Sides, and ſometimes upon the Floor of the Room.---If ſuch a Hole ſhould 
be ſuppoſed to be the Grnoazs or Point of the top of the Perpendicular Stile of 
any Daal,I ſay from it the Hour-lines of a Sun-dial or of ſeveral Dials(for every 
lide or part of the Room is a difterent Plain)may be madeabour the Room, If, 

1. Horizontally you apply an Horizontal Dial to the Hole in the Glaſs-win- 
dow,and extend a thirdHorizontally alſo from that Hole over every Hour-line 
(or half and quarter Hour-line)till it touch the Sides, Doors, Windows, Jambs, 
or other Objeas or Impediments(ſtanding in the way )aboutthe Room: Then, 

2. The Twelve a-clock Hour-line being bothan Howr-line and an Azimuth 
alſo,you may (by aPerpendicular Thread or 'I hreads, transfer the ſame to the 
Cieling or Floor of your Room, or to wliich of them will beſt ſerve your 
Turn, and ſometime there may be occaſionfor both: Then, 

3. In this Meridian Line find another Point, from which,1 Line or Thread 
extended to the Hole in the Window may repreſent either the Dire& (or Re- 
verted) Axis of the World, and unto that Point of Points all the Hour-lines 
which youdraw in that Room will have reſpect unto (or be in the ſame Plain 
with)this Axis: And theretore, 

4. If you fix a Thread in one or both of theſe Points (or Poles rather) and 
extend rhat String by the Side of another String extending from the Hole over 
any Hour-line or Point tound on the fide of the Room as before, that move- 
able String being gently moved by the Side of the Horizontal String ſhall 
trace out (upon all Objects that it meets withal) the Hour-line which the 
extended Horizontal String doth repreſent. 

Secondly, If a Spot, or the Sign ot the Sun (or what everelſe you fancy) be 
made or painted upon any Pain of Glaſs in a Window ; And on the outſide of 
the Window ſomeHorizonral Border (Semicarcular, orof any other form) be - 
made of Wood or Wire ; and a Meridian Line found which ſhall paſs thro? 
that Hole, another Point of the Axis may be found, in which Lines extend- 
ed by the Horizontal Lines extended from the Hole to the Horizontal Points 
in the Border, thoſe Hour-lines may be projeted to the Monions of the Win- 
dows, and there faſtned, as alſo to the Horizontal Border, and theſe ſhall be 
true Hour-lines, whoſe Names or Numbers being ſet in a Border of Paper 
paſted (or painted) about the Pain of the Glaſs-window, where the Spot is: 
"Then the Strings without (which are the Hour-lines) when the Sun ſhineth, 
with all of them, caſt their Shadow upon the Pain of Glaſs, and the Shadow 
of that which toucheth (or is neareſt to) the Spot made or painted intheWin- 
dow gives the hour of the day. 

' Infinite are the Varieties of this kind, of which you ſhall have hints of 
+ many at the end of this Book, in the Deſcription of the Pyramidical Body of 

; Dials : And ſoI ſhall conclude this TraFate, giving you here only the Figure 
of an Horizontal Dial for the Latitude of Lozaon, with its Furniture. 


The End of the Tenth TRACTAT E. 
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REFLECTIVE 


DIALLING, 


OR, OF 


DIALS by REFLECTION. 


SHEWING, 
How to. Refle& the Sun Beams, and to Deſcribe Hour-Lines, 


and other Furniture for Dials, upon ſuch Plains upon which 
the Dire& Beams of the Sun can never ſhine ; and that ſe- 
veral ways, the Glaſs caſting the Refle&ion, being placed 
either Parallel to the Horizon, or Oblique unto it: And 
without any regard had to the Situation of the Obje& up- 
on which the Refle&ion is made, z. e. whether it be Plain 
or Curved, one or more, contiguous or ſeparate, vc. 


The Eleventh TR A CTA T E. 


GHAFE-4 


Notes and Obſervations preceding Refle&ed Dials. 
HESE Glafles, for their Faſhion, are beſt to be Flat and 

Round ( though that be not neceſſary ) and the quantity of 

it ſuch as will refle&t the Sun Beams, when they are at a nal 

Elevation, which therefore cannot be ſo eaſily  Lobbdd, be- 

cauſe Glaſſes are of ſeyeral thickneſſes ; and the thicker it is, the broader it 
will be required to be; the thinner the narrower; and refle&ing the more 
ſingly and truly. The ſtanding of the Glaſs may be either Flatly Ho- 
rizontally , or otherwiſe Reclining or Inclining, according as the place 
where it 1s pitched will require it ſhould refle4, upwards, downwards, or 
ſideways; or as the $kilful Artift ſhall think fit, to give evidence of his 
knowledge and Dexterity in this kind, 'The Superficies may be any thing 
that is capable of receiving Light and Shadow ; it needs not be a Plain, 
as 1s required in other Authors, neither needs 1t be one Single Superfici- 
es, but it may be turned or diſtorted any way ; it may be a multitude of 
mixt Superficies, of any faſbion = _—_ whatſoever, To make the 
1h b Pro- 


I 22 


11232 REFLECTIVE DIALLING. 


Projeftion, it is required that there be room convenient; and becauſe theſe 
are made for the moſt part in Windows, where the refleQion of Light 
may be beſt made in the ſhady places of the inner parts of the Rooms: it 
will be required that liberty be allowed to work without the Window alſo. 
It is not abſolutely neceſlary that the Glaſs ſhould be flat, it may be of ano- 
ther Form, if you deſire to have it ſo, but then your Hours cannot be fo ea- 
ſily projeQted, becauſe they wili not be ſtrait but crooked Lines upon a 
plain Superficies, and the trouble augmented to find ſo many ſeveral 

ints, as Will be requiſite to the drawing of ſuch bending Lines. Bur 
bored moſt Glaſſes are flat, andit will be harder to procure one that 
is not ſo, than one that is; and becauſe alſo, any that is ingenious 
this way, will of himſelf ( though ſome things are here alfo delivered 
which will be Dire&ions enough) be able to find out the manner of 
projeting from an irregular Glaſs, atter he is poſſeſſed with this that is 
here in the firſt place delivered; I will only ſhew how to do it, to a 
flat Glaſs, in what Situation ſoever it ſtands, becauſe by it any of the 
other Forms will be underſtood. It any will reflect upon Water and ©0- 
ther Liquors, it 1s apparent that they will ever lie Horizontal ; and fo 
the way to do that will be the fame with the Horizontal Glaſs, which 


comes after in its due place. 


ls 


GRAFT. IL 
Of Refle&ed Dialls. 
For Glaſſes Rm: is beſt made by a picce of Looking-glaſs, which is fo 


ar ad woe much the better, by how much it is thinner ; for the thickneſs 
tuations; Li- of it cauſeth a double ray of Light to be reflected, and requireth a greater 
quorslying all 6[eyation of the Sun Beains than a thin one doth : it muſt be about Seven 


Horizontally |: nes the thickneſs in breadth ; and becauſe Glaſs refle&ts from the upper 


flat without a- p 
ny Inclination and neather Superficies, and ſo makes two ſpots, colour the lower Superfi- 


at all, cies therefore with Oyl Colour, or (which 1s better) rub or grind it, on a 
rough Brick, Tyle, or Grind-ſtone, and it will make but one ſpot. Now a 
Glaſs may be placed cirher Horizontally or Obliquely ; and theinner Rooms 
of Houſes (for which this way is molt accomodate) may fall out to be either 
flat or turned, both on the Cieling and Walls. In all theſe Varieties it will 
be eſteewed none of the eaſieſt works to protratt true Hours ; and what 0- 
thers has. written in this kind, is only tor to draw Hour-Lines to a Glas 
placed truly Horizontally , reflecting upon a flat Cieling, which 1s like- 
wiſe iz equilibrio with the Horizon; which very particular I will here 
alſo ſhew hoy 10 perform in a much more eaſie way than hath yer been 
practiſed, after I have firſt delivered in general (amongſt many) Three 


ſeveral Ways. 


CHAT 
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CHAP. I. 


How to project oor "ny Glaſs, however it ftands upon any 


Superticies whatſoever, or how manifold ſoever it be, 


SEC T. I. The Firſt General Way. 


OU muſt ſtretch an Horizontal Thread, between the Glaſs and the rirſt Gene- 
Sun, at any reaſonable diſtance from the Glaſs, and -1# equilibrior2l War for 
with it ; upon this Glaſs and upon the Horizontal Thread {by help of a "2 
roper Thread) proje& the Sun or ſhadow of the Thread ,, juſt as was 
here taught in making a Dial with an Axis; and according to thoſe 
Precepts (tuppoſing the Glaſs to be as the point there aſſigned) make up 
here (in the ſame manner as is there taught) the firſt of theſe Precepts, 
ſo ſhall you find the Pole of the World, as at the end of the Eighth 
Precept is declared. Theſe things being thus prepared, you are to begin 
with your RefleQtions in this order and-manner. | 
I. Refle&t the true Pole of the World, before'found, upon ſome Objeft, This may be 
which is done by looking into the Glaſs, till you ſee the fore-named #Fethe way 
true Pole. And to the end you may the '{ooner diſcover it, you may : 
find this or the like helps: Stretch a Thre:d, or draw your Finger from 
the Glaſs to the true Pole ; which Thread or drawing of your Finger (if 
you follow the ſhadow all along as it appears in the Glaſs ) will bring 
you to the ſight of the true Pole ; and this ſame courſe muſt be uſed in 
all other Reflections, which may derve as a general Admonition: once 
for all, in all the reſt of the work. And when. you have diſcovered it 
in the Glaſs, place ſome mark then at your Eye ({uppoſe ſome Wire 
or Thread fixed at one end, the other .end at-liberty'in your Hand, the 
Thread having a ſlipping Knot upon it. "This Thread and. moveable Knot 
may be removed to any poſture, and ſerves as a Mark or Point ; fo that 
looking or laying the ſame Point upon the Glaſs, with your Eye you 
may alſo juſtly ſee the true Pole or Mark of it in the Glaſs) then may 
you extend a Thread from the Glaſs to this Point or Knot, up to the 
rop of the Houſe (or to the Walls or Floors according as things are pla- 
ced) and ſo make a point there, which may be called the Reflected Pole. 
(Or the former Point, if it ſtand firm, may as well ſerve to ſupply the uſe 
of the Refleted Pole.) To this Reflected Pole fix a Thread, which will 
perform all the Projeftion that hereafter followeth. This Thread, for di- 
{tinction; may be called the Reflecting Thread. 


If you will take pains to ſtretch Threads to every Hours Point, and to 
project the Parallels thereinto by the Semi-Circle, you may reflect the 
Knots, and fo reflect the Parallels by your Eye. 


2. All 
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2. All the Hours will be projected by theſe helps very ealily ; for 
having by your Eye diſcovered in the Glaſs any ot your Hour Points 
fixed in the Horizontal Thread (your Eye being at a good diſtance from 
the Glaſs) take the Reflecting 'Thread, and interpoſe it between your' 
Eye"and the' Glaſs (the further off it the truer) fo as that the Eye may 
repoſe the Thread upon the Hour Point of the Horizontal Line appear. 
ing in the Glaſs; and the Thread in this Poſition fixed, will oive the 
Hours refle&ted upon any: Superficies whatſoever it be that ſtand in the 
way, 

3. Having fixed the Reflecting Thread, as before, fix (or let one hold) 
another Thread: (a Projecting Thread) to the Glaſs, and taking the other 
end of it your ſelf, apply it all along the {ide of the RefleQing Thread, 
drawing it out at tull length, till (namely) it reach to the Top, or Walls, 
or Floor of the Room; to ſhall you prick out the Tratt of the Courſe 
of the Hour Line upon all Superfictes, as he in the way, where through 
you draw out your Projetting Thread ; and it the Superticies, be flar, you 
need not make above two Points upon one Superticies, and fo draw a ſtrait 
Line through thoſe two Points. The fame work is to be repeated every 
Hour particularly, and in the felt ſame manner ; fo that I ſhall not-need to 
ſpend more words. 


And Note, That in all Projettions (Direct as well as RefleRted) if you 
have the Gnomon, or Point, or Glaſs (bur the Glaſs muſt be flat) and 
any one part of an Hour Line drawn upon the Superficies, you may, 
after the Dial 1s finiſhed, transfer that Hour to any Superticies beſide, 
by ſtretching one Thread from the Apex ot the Gnomon to any Point 
of that Hour Line that is drawn; and then by ſtretching another 
Thread from the ſame Line, by the tides ot the firſt Threzd, till it 
touch the Superficies, upon which you would have it Projeted, and 

| into as many Points as ſhall be required, through which the Hour- 
Lines may be delcribed. 


This is the general way to Reflect Hours from al! Poſntons of a flat Glaſs 
ro all kind of Superficies. 
It the Glaſs be not Flat, but Convex or Concave, you muſt extend 


a Thread from the Reflieted Pole ro the Points or Hours in the Hori- 


502 .ontal Thread, and there fix it; then difcover in the Glaſs ſeveral 


Points of the fame Thread, making itanding Marks (one at a time) for the 
(everal Points and from the Glaſs through thoſe ſtanding Marks (one 
to be done before you go about the other) extend a Thread to the Root, 
or Wall, or Floor; this extended Thread ſhall give one Point for the 
intended Hour. Thus vou are to Go for other Points of the ſame 
Hour, by which means you ſhall find ſeveral Points for one Hour , 
through which Points you mutt draw a Line, which will nor be trait, 
becaule the Glals is not Flat. In the fſeme manner do tor all the 
Hours. 


SECT. 
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The Second general Way is this, and it concerns only 
Flat-Glaſſes. 
Second ge 


Aving ſtretched an Horizontal Thread, and fixed Hour Points upon neral was ts; 
it, as in the former way, you muſt find the Glaſſes Zenith Point, FlatGlaftcs. 
which is eaſily done, if you look till you ſee your own Eye Refletted 
in the midſt of it; for if vou there ſet a ſtanding Mark ( as was be- 
fore ſhewed) and by another Thread extended from the Glaſs to that 
Mark, continue the Extenſion of it until you meet with ſome Obje&t (viz. 
Walls, Cieling, or Floor,) this Thread will there give you the Glaſſes Ze- . 
nith Point ; from which Point to the Glaſs a Thread mult be fixed, re- 
preſenting the Glaſles Zenith Line. 

Now becauſe Angles of Incidence and Reflection, are the ſame in quan- 
tity from the Zenith Line, but caſt to the contrary Coaſt and becauſe 
likewiſe the Lines of Incidence and Reflection are both in the fame Su- 
perficies with the Zenith Line (that 1s to ſay , the Superficies wherein 
they three are, is ever proper to the Superficies of the Glaſs.) Tf therefore 
you extend Threads, one from the Glaſs, to a Knot in the Horizontal 
Thread, and another ſecond Thread from the Glafs alfo; but on the 0- 
ther ſide of the Glaſſes Zenith Line (which ſecond "Thread muſt lie in. 
the ſame Superficies with the firſt Thread and Zenith Line, which when 
it doth ſo, your Eye will diſcern, for in this caſe all the Threads will lie 
to view, one upon another) making an Angle with the Zenith Line on the 
contrary ſide, equal to the Angle made by the firſt Thread with the Ze- 
nith Line. How to make this Angle equa], I leave here to be deſcribed 
hereatter. 

Ler the firſt Point Reflected from the Horizontal Thread, be the Meri- 
dian or 12; the Thread then fo diſpoſed (as before) will give one Point of 
the Meridian, upon the Root or Wal] of the Houſe. And by the Zenith 
Line or Thread of the Glaſs, by repoſing of it with your Eye upon 
this Meridian Point, you may draw the Reflected Meridian Line ; To 
conſider whereabout the true Pole of the World, which is elevated above 
the Glais, is end elevate it by the Semi-Circle in the true (not Re- 
fleted) Meridian, and caſt it upon ſome Obxet (Cieling or Wall, &c.) 
and trom the Gials to it extend a Thread, which 1s the true Axis of the 
World. This muſt now be Reflected, by making another Thread to paſs 
from the Glaſs, on the contrary fide of the Zenith Line, but making 
equal Ang'es irom it with the firit. And to do this, and to judge when 
't 15 contrary, is before ſhewed in the Projecting the Points of the Hori- 
zontal Line, This Thread 1s to be fixed, and repreſents the true Axis, 
and 1s therefore to be called, The Refiecfed Axis of the World, So then 
all the work will be now, to Refledt the ſeveral Points of the Hours 
upon the Horizontal Line , unto the Roof or Walls, or what Ob- 
12ct ſcever (Flat or not Flat) ſtands in the way ; and then by this Re- 
fleted Axis to Project them, by thoſe Refleted Points, all over all the 
Objects that ſtand in the way, This is the Second General Way, which 
cannot In al! particulars be applied ro curved Glaſſes, becauſe a curved 


(3/af5 cannot be counted as one Plain, and cannot have one Zemth Line. 
E111 SECT. 
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The Third General Way is only for Flat Glaſſes. 


neral Wayio I, Our Glaſs being ſet, and the Sun ſhining, obſerve the ſpot of Light 
©'S. 


Flat Gla Reflefted, and make a Mark at it; At the ſame inſtant take the 
Sun's Altitude, and inquire what Azimuth the Sun then had. 
2. You are to make a Reflected Horizontal Line thus; ſet any two 
. Points iz equilibrio with the Glaſs, Reflect thoſe two Points in the 
fame manner as was ſhewed before, and make two ſtanding Marks , 
as was before declared ; then through thoſe two ſtanding marks extend 
a Thread; this Thread (though nothing at all Parallel to the Horizon) 
ſhall repreſent the Horizontal Line, and muſt be fixed, and called, The Re- 
flefted Horizontal Line. This may be turned or continued ſideways, up- 
wards or downwards, as occaſion ſhall offer it ſelf, by turning a "Thread 
from the ends of it, in ſuch wiſe that the caſting (with your Eye) the firſt 
fixed Thread, upon (or unto) the Glaſs, the continuation, or returning 
Thread, may be ſeen all one with the firſt Thread, and fo lie in the fame 
Superficies with the firſt Thread and the Glaſs. All theſe Threads are to 
be accounted for the Reflected Horizontal Line. . 

3- Your own Zenith or,Nadir Point muſt be Projected , which is done 
by ſetting ſome Marks or Points, perpendicularly over or under the Glaſs; 
and removing your Eye till you can fee the {ame in the Glaſs: then when 
you ſee it, ſet a ſtanding Mark, ſo ſhall a Thread extend from the Glaſs 
to this ſtanding Mark, and fo till it meet with fome Object , repreſent 
the Zenith or Nadir Line (not of the Glaſs but) of the Horizon, to which 
end let the Thread be there for a while fixed. 

4. By repoſing this Thread upon the ſpot of Light before found (which 
reſpects the Azimuth wherein the Sun was at the time of Obſervation) 
you may project the Sun's Azimuth into the Reflected Horizontal Line, 
dogg you are to tie a Mark ; for this guides all the Work that fol- 
OWS. 

5. Next conſider whether the Azimuth were Eaſt or Welt, and con- 
fequently, on which ſide of it the Meridian will fall ; which being known 
you muſt upon this Refletted Horizontal Line protratt the ſaid Azimuth 
in the fame manner thar is uſed in the former way, from that Reflected 
Horizontal Line into the Paſt-board ; only you muſt obſerve to do ſome 
things (though the ſame in ſubſtance, yet) different in a peculiar manner, 
as thus: Upon a Paſt-board (or any other Flat) being held to the Glaſs, 
as the Apex of a Gnomon, and ſtaid fo by reſting upon ſome Subſtenta- 
cle, that (though it be taken away, yet again) 1t may be applied to the 
ſelf ſame poſture: I ſay upon a Paſt-board fitted to the purpoſe, and ap- 
plied to the Center of the Glaſs (being taken here as the Center of an Ho- 
rizontal Dial) and directed alſo towards the Reflected Horizontal Line, that 
it may fall into the ſame Plain ; ſtretch out a Thread from the faid Center 
to the Point of the Azimuth noted upon the Horizontal Reflected Line, and 
note the Line that the Thread makes upon the Paſt-board, for the ſame 
I ine repreſents the afore-ſaid Azimuth. 


6. For this Azimuth, obſerving the true coaſt of Reflection, ſet. n 
, the 
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the Meridian, and fo to deſcribe upon Paſt-board an Horizontal Dial /re- 
membring how t6 number your Hours by conſidering unto what Coaſt the 


' Refle&ion will carry them) and putting your Paſt-board upon its former Si- 


tuation, with a Thread from the Glaſs or Center, projet all the Hours 
from the Paſt-board to the Reflected Horizontal Line; and” tie Marks at 
each of them ſeverally. | 

7. You are then to Reflect the Pole, and to fix a Reflefted Axis in this 
manner : Firſt, Refleft the Zenith or Nadir Point, and make a ſtanding 
Mark at it ; then extend a 'Thread fo, as that through the length.of it you 
may ſeethe Point of 12 in the Horizontal Line, the Reflefted Zenith and 
Nadir Point, and the Glaſs, all three together, fo ſhall you, by that means, 
lay this Thread in the Planities of the Meridian. Now 1n the Meridian 


lie the Poles of the World, diſtant from the Horizontal Line (that diſtance ' 


being counted in the Meridian Superkicies) ſo much as the Elevation of the 
Pole, or the Latitude of the Place, or the Supplement of the Latitude com- 
eth to. Now whether to chooſe the Latitude or the Supplement thereof, 
the diſpoſition of the Work will be ready to ſhew you. After this thenap- 
ply a Paſt-board to the Glaſs, and fer it always directly towards that Thread 
in the Plain of the Meridian, and Jet it always reſt upon ſome ſtay, that 
though it be taken away, yet it may be again placed in the former true po- 
ſture. Then from the Glaſs to 12 upon tlie Horizontal Line, extend a 
Thread, and draw upon the Paſt-board the Line that the Thread ſheweth ; 
and upon the ſame Paſt-board from that Line ſo drawn, and from the Glaſs, 
as aCenter, or place the of it on the Paſt-board,protrat anAngleof you Lati- 
rude, or the Supplement of it, that way that the Reflected Pole would hap- 
pen, and applying your Paſt-board to its old place again, by a Thread from 
the Glaſs extending along that Line on the Paſt-board and fixed, you have 
the Reflefted Axis. | | 

8. Having fixed this Reflefted Axis, by it and the Points upon the Hori- 


zontal Reflected 'I hread, you may project the Hour Lines upon. any Ob- 
and diſtin- 


ject (flat or curved) whatſoever it be, and after draw them 
guiſh them as before hath been ſhewed. | \ 

For further Obſervation herein, Note, 'That it falls out oftentimes 
that Windows are ſo diſpoſed, that no Axis can be faſtned to project withal ; 
and the Roofts likewiſe ſo uneven, that a true Horizontal cannot be pro- 
tracted : In ſuch caſes, if the Glaſs lie flat, you may help your ſelf in this 
manner : Extend an Horizontal Thread inthe Air,lying level with the Glaſs ; 
upon this Thread project the Points of an Horizontal Dial ; likewiſe ſtretch 
another Thread 1n the Air, directly Eaſt and Weſt, parallel to the Hori- 
zon, elevated above the Meridian at an a from the Glaſs 383, equal to 
the Equinoctial's Altitude; and upon this "Thread alſo'project Hour Points 
by an equal Circle or Paſt-board, &c. Now if you extend Threads from the 
Center of the Glaſs to the Horizontal Hours, and from: thoſe extended 
Threads, do extend others to the equal Points upon the Roof, you ſhall 
712 ake points enough through which to draw the Hours. 


y 
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CHAP. IV. 


How, to a Gloſs laid in the Window, and placed truly Horizon- 
tal, to Draw Hours upon a zeling that is alſo truly Horizontal, 
and Flat, not Curved. 


the moſt part Lineary, and ſuitable to other Draughts. This is 

alſo more particular, tied to the Cieling, and to that alſo as flat 

only and ſingle, not any way curved or multiplied. The other following 

will be for all kinds and, numbers of Superficies in general. This more fre- 

| wg and more eaſie alſo, that more ſeldom happening and more dif- 
cult. 

This is branched into two Caſes, that is more generally delivered in 
one way; in both which this is common, namely, Firſt, Obferve a Spot 
of the Sun's Light made upen the Cieling, and to make a mark at it, and 
take the Sun's Altitude at the ſame inſtant, and inquire what Azimuth the 
Sun then had. 

Theſe things ſo prepared, you are likewiſe to find a Meridian Line, to 
which end you muſt alſo find the Zenith Point of the Glaſs upon the : 
Cieling in this manner : Hold a Perpendicular Thread to the Cieling, inſuch 
place that through it you may at once ſee both the Mark made for the ſpor 
of Light obſerved, and alſo the Center of the Glaſs, then protract that 
Line (blindly) upon the Cieling, which the Thread ſo hanging ſeems to 
make upon it; this Line ſo drawn repreſents the Sun's Azimuth at the time 
of Obſervation. Again, Hold up to the Cieling, in any other place of it, the 
ſame propes Thread, and remove your Eye till you fee (through the hang- 
ing Thread) the Center of the Glaſs, and (your Eye there ſtanding) n 4 
ſerve where the ſame Thread cuts through the Azimuth Line before drawn ; 
at the apparent interſection make a Mark, for that is the Zenith of the 
Glaſs, or the Point that is juſt over it perpendicular. Upon this Point, now 
being taken as a Center, deſcribe a piece of a Circle from the Azimuth 
Line, and ſet oft (upon it) the diſtance of the Meridian from the Azimuth, 
keeping the true Coaſt that it. ſhould have, which your own Judgment 
will tel you well enough ; then from the Center to this diſtance, a Line - 
drawn, will give you the Meridian Line. Having thus found a Meridian 
Line or Line of 12, the reſt of the Work will branch it ſelf into two Forms, 
according as the Window ſhall look, towards either South or North. 


"RET x 
If it be a Window, whoſe Aſpe& is towards the South. 


"Rom the Glaſs elevate your Semi-Circle towards the North part of 
the Meridian which you have Drawn upon the Cieling; I fay ele- 

vate your Semi-Circle directly from the Glaſs to che Meridian, _ or 
Altitude 


d following way of the next Chapter is projective: This is for 
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Altitude of your EquinoCtial, and where the Ruler of your Semi-Circle 
points (which may be found by a Thread apply'd to, and extended along, 
the ſame Ruler, till it meet with the Plain or Cieling) into the Meri- 
dian , there make a Point; through this Point draw an infinite Line , 
perpendicular to the Line of 12 or Meridian ; this Line repreſents the 
Equator, upon which you are next to infert the Hour Points in this 
manner : 'Take with a pair of Compaſles the Diſtance between the 
Glaſſes Center and this Point of InterſeCtion, between the Meridian and 
EquinoCtial Lines, the ſame Diſtance you muſt account as a Radius, andis 
therefore to be divided into 1000, or more, Decimal Parts, as your Deci- 
mal Scales uſe ro be. Then out of this Scale, and by help of a Natural Ca- 
non, take the Tangents of each Hour, or 15 deg. viz. 15, 3o, 45, 60, 75, 
and prick them down upon the Equinottial Line on both ſides the Line of 
12, ſo many as the Room will receive, ſo ſhall you have 5 Points on 
each ſide of the Meridian (or ſo many of them as the Room will give 
way for,) through which all the Hours are to paſs; and ſoif the Cen- 
ter of the Dial, or the common Point of their concourſe were within the 
Room, it were a very eafie buſine!s to draw all the Hours from thoſe 
Points to that Center and the Six a clock alſo through the ſame Cen- 
rer , perpendicular to the Line of 12. But becauſe the Centers of theſe 
Southerly Dials do moſt —_— fall without the Room, therefore 
this way cannot be uſed. The be vi therefore that I can judge of is 
this, You muſt have an Horizontal Dial Calculated for your Latitude, then 
ſuppoſing the ſpace betwixt 12 and 11, or 1, the next Hours on either {ide 
to be 11 deg. 51 min. you may take the Complement of that ſpace, which 
is 78 deg. og min. and upon the Points of the Hours next to 12, as upon 
two Centers deſcribe two Arches of Circles, and protract the Angle of 78 
deg. 9 min. from the EquinoCtial Line, fo ſhall Lines protraQted at thoſe 
Angles fromthe Equinoctial Line,be the true Hour Lines required.For if the 
Angle between 12, and the next Hour be 11 deg. 51 min. and the Angle 
| between the Equator and Meridian be a right Angle, then muſt the Angle 
betwixt the Hour and the contingent Line be the Complement of 1 1 deg. 
51 Min. that is 78 deg. og min. Thus you may do for all the reſt of the 
Hours till you come to 6. Forthe6 a clock Line you muſt know, that it 
is to be drawn Parallel.to the EquinoCtial Line, and to. be diſtant from ir, 
as much as the Co-ſecant of the Latitude taken to the fore-named Radius, 
or decimal Scale will extend unto.. cs | 
For the other Hour Lines that are further remote from 12 than 6 is, ic 
will be beſt to do thus ; draw a line in any place 
Line of 6, and obſerve at what Diſtance and Angles the Hours already 
drawn do ſtand from 6, and what Angles they make with the perpen- 
dicular laſt drawn. Set the ſame diſtance upon the Line from 6, and at 


thoſe Points protratt the ſame Angle to the Line laſt drawn, ſo ſhall the' 


Lines protratted be the true Hours required. 
But if in this caſe your EquinoQtial Line is not long enough to hold 


all the five Hour Points between 12 and 6, you may help your ſelf 


thus, Prick down as many of them as you can from 12, three at the 
leaſt then draw a Line Parallel to the Equator Line, fo that -the 
length of it betwixt 12 and any Hour, may be 4 or 4, or ſome ſuch like 
part of the length of the Equator intercepted between 12 and the ſame 

Kkkk . Hour, 


but perpend. to the 
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Hour, that the work may be the more eaſily proportioned ; when this is 
done, you may upon this laſt Line ſet off from 12, or, of the Tangents 
before-mentioned, which will give the Points in the faid Line, through 
which the Hours mult paſs; and becauſe the Line is parallel to the E- 

ator, therefore at thoſe Points you muſt make the ſame Angles with 
this new drawn Line, that the ſame Hour would have made with the 
Equator, and therefore they muſt be protracted in the ſame manner. 
And if you would caſt the Hours from the Cieling to the 'Walls , you 
may do it by the general way ſet down in the fore-going Precepts to 
transfer any Hour by the Apex of the Gnomon, any part of that Hour be- 
ing given or drawn. 

You may tarn the Secant of your Latitude at any other Hour, as 4, and 
divide it into the Tang. 3o. Or you may at the third Hour Point from 12 
in the Equino&al, turn up a Perpend. to the Equin. or a Parallel to 12, 
and make that Line to be in length equal to the Co-ſecant of the Lati- 
tude taken out of the former Decimal Scale or Radius. If now at the 
end of this length you draw a Line Parallel to the Equirottial, the ſame 
will be the Line of 6. Then further, taking the Co-ſecant of the Lati- 
tude as a Radius, or Decimal Scale, ſet upon it (as a Radius) from the 
Point of 6 the Tangents of 15, 3o, and 45, that is the Tangents of x, 2, 3, 
Hours ; the third Hour Point being at the meeting of the Equator 
and this Point, or the whole length of the Line, and (which. I ſhould 
have ſaid before) draw this Line quite beyond, as far as the Cieling 
will ſuffer, and from the Point of 6, both ways, or on both fides of it 
ſet on the Tangents as before; ſo have you the Points through which all 
the Hours muſt paſs. Then 1f it be known at what Angles to this Line 
the Hours do he, it will be eafie to protraft ſuch Angles upon the fore- 
placed Points, and accordingly to draw the Hour Lines. Now the An- 

les that each Hour Line makes, with this Line laſt drawn, are the ſame 
oy make with the Line of 12, and accordingly muft be pro- 
ira p 


5 ®, »y os 2 
If it be a Window looking towards the North. 


Aving found a Meridian Line, as is ſhewed before ; from the Glaſ- 

ſes Center upwards into the Meridian Line, elevate your Semi- 

e, according to the Latitude of your place, and obſerve (by a Thread 
zoyned to the Ruler of the Semi-Circle, if need require) where the Ruler 
the Semi-Circle Points out the ſame Latitude, there make a Point, for 
that is the Center of your Dial, which is nothing but a plain Horizontal 
Dial. If you deſcribe a Circle upon the Center, and likewiſe out of that 
Center ere a Pepeadicular to Meridian, you are fitted to perform 
your work ; for you have no more to do but to fer off either from the Hours 
of 6 or 12 (which you like beſt) all the other Hours, according to their 
ſpaces, in an Horizontal Dial from 6 or 12 ; and fo this caſe proves eahter 
than the tormer did. 


CHAP. 


REFLECTIVE DIALLING. 


4s ' 


GGHAT: V 


How by this manner of Work upon a Flat Window that i truly 
Horizontal, and to a Point 7. up, as the Point of a Gnomon, 
may Hours be protracted to a dire Shadow : Thus, 


BSERVE the ſhadow of the Point, mark it, take the Sun's Alti- 

tude at the ſame inſtant, and require the Azimuth ; then with 

a Perpendicular 'Thread project the mark of the Azimuth, upon 

the Point of the Gnomon, and. draw that ſhadow or tra& of the Thread 
made upon the Window-board, which Line will be the Azimuth. Again 
Hold up your Perpendicular Thread, and Through it view the Point of 
the Gnomon, and at the very inſtant (your Eye and Thread being both 
immoveable) ſee alſo where the "Thread appears to cut the Azimuth be- 
fore drawn, and mark that point of interſetion ; upon that Point , as 
a Center, deſcribe a Circle, and upon the ſame Circle (from the A- 
zimuth toward the true Coaſt) ſet off your Meridian and draw it. 


Then, 


SEC TI. L 


If it be a Window looking towards the South. 


ROM the Point of the Gnomon down to the Meridian, let fall your 
Semi-Circle, ſo much as the Complement of the Latitude comes to, 


and mark the Point which the Ruler of your Sermi-Circle then makes upon 


the Meridian: Perpendicular to the Meridian, in this Point, draw the E- 
quinoQtial Line, and then finiſh all your Work, as is taught before in Cie- 
lingDials ;for it is the ſame quire through, without any manner of difference 
atall; and ſo there needs no more to be faid of it. 


SECT. IL 


If the Window look towards the North. 


IND out the Meridian, as you did before, then from the Point of your 
In Gnomon, depreſs your Semi-Circle, into, or upon, the Meridian, fo 
much as your Latitude rs, and note the Point m the Metidian, that the 
Ruler pointeth out, for that is the Center of the Dial; from which Center 
a perpendicular to the Meridian, is the Line of 6 ; and from 6 and that 
Center you 16 ___s the Hours, as before in Cielmg Diais, that look 


ro 
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cHnare. w/ 


How from a Glaſs' Horizontally placed ( or from Water or other 
Liquors) to Reflect Hours upon any Superficies Flat or Curved, 


one or more. 


All the Fur- '[*% is for Reflected Dials within a Room, and 1s not yet limited 


itur - i M . - 
—_ wyuoy a to a plain Superficies, but in general to all, Flat or Curved, lyin 


to Horizontal Horizontal or ſtanding Upright, or elſe Leaning. Ir is genera], 
—— in reſpe&t of the Superficies, whereunto the Deſcription is to be made, bur 
_— \* particular in reſpect of the poſture of the Glaſs, for that is here required 
Lines (with that it ſhould be Horizontal. Now to place it Horizontal, do thus, La it 
ory ut into a little Board, flat and even with the Board, and either make it taſt, 
Alticudes as Þy forcing it into the Board (the place ot it being ſtrait and juſt fit) orelſe 
are true, and Overlay it With a Plate of Lead beaten very thin, but bcture ir ie true to 


= —_ , the flat of the Board; then with a ſmall Level lay the Board truly Flag or 


.the Glak or Horizontal, which will be done without any great difficul:y, which is to 


Horizon, 


lie for the moſt part in the Window. 

x. The Glaſs being laid, obſerve the Spot of Light that the Sun caſts, 
and make a mark at it. 

2. Andimmediately obſerve the Sun's Altitude, and find the Azimuth. 

3. Then extend an Horizontal Thread 1n the ſame Level with the Glaſs, 
but within the Room. 

4. Afterwards projeCt the Azimuth into the Horizontal Thread, by hold- 
ing up a Perpendicular Thread in ſuch a place, that though it hang at liber- 
ty, you may at once diſcern both the mark of the Spor of Light, and the 
Glak likewiſe ; and then obſerve where the Perpendicular Thread ſeems to 
cut the Horizontal Thread ; at that apparent interſection tie a ſhort Thread 
for a mark ot the Azimuth. 

5. Apply a Paſt-board to the Glaſs, and fo that it may be ſtaid upon 
ſome reſt, that after it is taken away it may be reitored to the firſt poſture 
withour impeachment : Let it be alſo held Horizoncally, fo as that it may 
have full Relation to the Horizontal T hread. 

6. At the Glaſſes Center make a Point for a Center upon the Paſt-board, 
and extending a Thread from the Center of the Paſt-board to the mark of 
che Azimuth upon the Horizontal Thread, draw upon the Paſt-board that 
Line which the Thread ſo extended figures out thereon. Afrerwards, unto 
the fame Azimuth, upon the Paſt-board, draw a Meridian, and to it an 
Horizontal Dial, and applying the Paſt-board to its farit Situation, project 
the Hours thereon, unto the Horizontal Thread, and the Knots ; all which 
is done in the Room. 

7. Then projet the Meridian (by a ndicular Thread, covering, 
in appearance, both the Knot of 12 ard the Glals) unto the con- 
trary Coaſt to that wherein the Pole 1s elevated (above the Horizon) 
that is to ſay in our Northern Climats you muſt project the Meridian 
Southwards from the Glaſs, becauſe the North Pole is elevated. And 
in the Meridian, elevate your Semi-Circle trom the Glaſs Southwards, 
rill it riſe up to your Latitude ; fo ſhall the Ruler of the Semi-Circle 
point out (upon ſome ObjeR ſer to receive it) the North Po!e RIG 
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Or elle if that be not convenient (becauſe in Windows or ſuch like places 
that ſtand towards the South, the North Pole will be without the 
Room, and ſo the Axis above the Glaſs extended towards that Pole 
will be without alſo) you may in ſuch caſes find out the oppoſite Pole 
to it, that 15 to ſay, the Pole which the former reflected Axis being ex- 
tended through the Glaſles, and below it, would ſign out, and that 
may be effected in this manner : , 


Project the Meridian Line towards the Pole that is elevated, that is with 
us towards the North Pole, and then {becauſe the North Pole is elevated 
by Reflection towards rhe South, ſo, by the ſame reaſon the South Pole muſt 
be depreſſed towards the North) with the Ruler of your Semi-Circle, di- 
rected even with the Center of the Glaſs, expreſs or project your Latitude 
downwards (but towards the North) ſo ſhall the Ruler of the Semi-Cir- 
cle point out the Reflected South Pole in the Meridian. Now whether 
you will or can (molt conveniently) ule the reflected North Pole above the 
Glaſs, or the reflected South Pole below it, you are to take your choice, 
tor both the one and the ocher of them do repreſent the :reflected Axis of 
the World. 

8. By this reflected Axis, and the Hour Points ſigned out upon the Hori- 
-ontal Thread, you may cafily project the reflected Hours, in the ſame 
manner that hath been heretofore declared upon any kind of Superkicies, 
one, or more, What ever they be that ſtand in the way. 


—_— 


CHAP. I. 


How to make a Dial to a Flat Glaſs laid aflope, refleing the 
Hours all obliquely, and upon any kind of Cieling, whether Flat 
GY Curved, or mitt of both, &C. If the Window wherein it is 
placed Iook towards the South. ST 


» Y*Þ oo 7 


Of ſetting the Glaſs, and fitting it for the intended uſe. 


F it be a piece of Looking-glaſs foiled, then the Work of the Dial 
will be the moſt viſible, and fo more expedite; but then it will reflect 
:wo ſpots of Light at the leaſt, the darkeſt whereof coming from the 
upper Supert:cies, will be the Spot that the Dial will anſwer unto; but 
if the Foil be rubbed off, and the back-ſide (inſtead of Foiling) be co- 
vered over with thick Oyl Colour, or rubbed on a Brick, &c. then will 
it reflect only the dark Spot from the upper Superficies of - the Glaſs, 
and the light Spot (which in the other came from the Whiteneſs and 
Politneſs of the Foil) will (in this) " _ lolt. "This'will be the 
L ..__ rruer 


Lthough ſomewhat hath been ſaid hereof before, yet this being in 
ſome particulars different, it_ ſhall be ſet down 1n ſeveral by it 
elf. 


LY 
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truer way to go, but the more obſcure for Reflection, both in making and 
uſing of the Dial. Which ſoever of the two Glaſſes you will uſe, ler it 
be of an indifferent large Diameter (about 4 of an inch or more) that the Re- 
fletion may be the more facile, as hereafter will be ſhewed. Let it be j1- 
Jaid into a piece of Lead or elſe Wood, ſuch as the heat of the Sun Beams 
may not alter ; and there fixed with hard Wax, or ſuch like glutinous mat- 
ter; then place it aſlope in ſuch conveniency for Reflection as you ſhall 
judge fitteſt, namely, fo as the work may be (moſt of it at leaſt) caſt upon 
the top and fides of the Room, and as little as may be upon the Floor. 
And if the Stool of the Window wherein you fix it be broad, then let it 
not ſtand upon the Stool of the Window, but above it, at ſome reaſonable 
diſtance, leaſt by rhe ſame Stool you, perchance, be hindered in the Refle- 
ction. Upon the middle of your Glafs, as near as you can gueſs, make a 
{mall ſpot of Ink, which ſpot hereafter 1s called the Center of the Glaſs. 


S & k:6s - bh 


Of the Obſervation to be made by the Sun, and fitting 
all things for further progreſs. 


O perform this work of Obſervation, you are to do all things, as if 

you were to make a direct Sun-Dial, to rhe Center of the Glaſs, as 

the Gnomon; and that all common impediments may be removed, let all 

the panes of Glaſs, where the Reflecting Glaſs lieth, be taken down out of 

the —_— that you may have convenient room to do that which now fol- 
loweth : | 

x. Firſt, ſet an Horizontal Thread iz equilibrio with the Glaſſes Center. 

2, Hang up a perpendicular Thread, betwixt the Sun and the Center 
of the Glaſs, 1o as that the ſhadow of it may paſs rhrough the Center of 
the Glaſs ; and in that poſition you muſt diligently obſerve where the ſha- 
dow of the ſame perpendicular Thread, doth (at the fame.time) cut the 
Horizontal Thread. And ro perform this the better, let your perpen- 
dicular Thread be bigger than ordinary ; and beſides hold in your hand 
ſome fair Paper (which may better receive and repreſent to you the ſha- 
dow of the Perpendicular 'T hread) ſo as that you may thereon ſee where 
the ſhadow of the Perpendicular Thread doth cut the ſhadow of the Ho- 
rizontal Thread, and in the apparent interſection draw a ſlipping Knot 
(ty'd before for that purpoſe upon the Horizontal Thread) along the Ho- 
Tizontal Thread, till the ſhadow of this Knot fall into the former interſe- 
Ction of ſhadows ; and when this work is done, (which will be troubleſom 
enough and ſo you will need one to help you) immediately take the Sun's 
Altitude. | 

3. And by that Altitude compute the Azimuth of the Sun, which is re- 

_— by the fore-mentioned {lipping Knot, fixed in its due place as 

Ore, 

4. By that Azimuth, and a Paſt-board (Horizontally apply'd to the 
Center of the Glaſs, and fo lying level with the Horizontal Thread) 
inſert the Meridian Point, and the Points of all the other Hours, as 15 
uſed .. Dire& Dials, ia the Horizontal Thread, and there afix Knots ſe- 
verally. 

5. By a perpendicular Thread held up within the Room, and ordered 
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in the hanging ſo, as that you may ſee through it (at once) both the Me- 
ridian Knot, and the Center of the Glaſs ; project the ſame Thread upon 
the top of the Room, this Projettion ſhall be che Meridian Line, which 
paſſeth direaly over the Center of the Glaſs. 

6. From the Center of the Glaſs into this Meridian Line, dire your Se- 
mi-Circle, and elevate it to your Latitude, and fo (by it) injeft the North 
Poleinto the ſame Meridian, which,in thoſe Windows that look towards the 
Sourh, will fall within the Houſe upon the Cieling. N | 

7. From the Center of the Glaſs to this North Pole extend a Thread for 
the Axis of the World, and for that purpoſe fit a Wire with a head like a 
Pin, then faſten that Wire into, or near to the Wood whereon the Refle- 
ting Glaſs is laid, and bow down the Head of it, until it touches the Glaſ- 
ſes Center; then faſten your Thread Axis to this Head of the Wire, at one 
end, and to the CiEling at the other end, 


Thus are all m_ fitted for further progreſs in the Work. That which 
is hitherto delivered, no what differing from what is preſcribed for 
making Dials for the dire&t Rays of the Sun. 


Sd E C 1. UL 


Of further fitting the Work that is pre-required to the 
Reflecting of Hours. 


Before any RefleCtion can be made, it will be requiſite, that the direct 
Hours be ſo expreſſed, that they may from thence be brought into the 
Glaſs, and from thence again Reflected to the Cieling 'or Sides, or 
any other part of the Room. And the readieſt way that I can find for 
this purpoſe 1s this, 


Aving before prepared your direct Axis, and likewiſe the Hour 

Points, upon the Horizontal Thread, you may by them projet (with 

your Eye) each Hour ſeverally without the Window, by one of theſe two 
ways: 


1. Lay a long Stick or Pole without 1. Nail down ſomewhat near, and 
the Window (upon two Reſts) abour as low at leaſt as the RefleCting Glaſs, 
half a yard from the Reflecting Glaſs, ſome little Stick or Wand upon the 
outwards towards the Sun, and let Stool (or to ſome other part) of the 
it lie (as low or) near about the Le- Window, fo as that it may be turne@ 
vel of -the Reflefting Glaſs: There about the Nail as a Center Pin ; let it 
is no cxaAnels required in this. lie about half'a yard without the 

Window towards the Sun, and ſome 
{mall quantity within, that it may be 
conveniently turned about with ſome 
ſtiffneſs ; make a notch in the very end 
of the Stick, that a Thread may lie and 
ſtay in it without ſlipping. 


2. When things are thus fitted you are firſt to project each of the di- 
re& Hours ſeverally (by help of the dire& Axis, and of the Hour Points 


upon 
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upon the Horizontal Thread) upon the Poſts of the Window. The way 1s, 
' by repuling the Knot (of that Hour you would project) upon the Thread- 
Axis, and then your Eye(limited to that poſture) will project the Axis, (or 
the fore-ſaid Hour) upon the Window Poſts. Of which appearance or Pro- 
jection of the Axis, take notice of that Point only,apon the Window {ides, 


which is neareſt to the extremity thereof, or which looketh moſt 


Upon thePole laid without the Win- 


dow, in that point of the Poſt faſten 
a Nail. 


3. Upon that Nail, at the very en- 
try of it into the Polt, hang a Thread, 
and put the fame Thread upon the 
out-({ide of the Stick, or Pole that 1s 
laid without the Window, and ſo 
turnit under again, and bring it into 
the Window, where you may hang 
ſome ſmall weight at the end of it on- 
ly to keep it (trait. 

4. Set your Eye again 1n the {clt- 
ſame Poſition, or Poſture that it 
had before, that 1s, ler the Axis be 
repoſed again upon rhe Point where- 
in the Nail was driven, and on 
which the Thread now hangeth, and 
keeping your Eye fixed there, remove 
the Thread which goes about the 
Stick, until you fee it juſtly cloſe 
with the Axis, and when you have 
ſituated the "Thread in this Poſition, 


let it ſtand; for now the Center of 


the p 


> 


Upon the extremity or not ch of 
the Stick lying without the Win- 
dow, there 1n that Point of the Poſt 
faſten a Nail. 

3. Upon the Nail (where it en- 
ters upon the Poſt) hang a Thread 
and put the fame "Thread into the 
Notchat the end of the turningStick, 
anc hang ſome little weight ar the 
end of it only to keep it {trait. Thus 
1s there a Thread cxrended from the 
Nall to the cnd of the Sticic. 


4. Set your Eye again tothe ſame 
poſture thar it was belore, that is to 
lay, repoſe the Axis again vpon the 
Point whereon the Nail was driven, 
and whereupon the T].read now 
hangeth, and keeping your Eye fix- 
ed there, turn the movcable Srick, in 
the Notch whereot the lower end 
of the Threcd ydeth ; tiirn it, T lay, 
until the whole Thread fall juſtly 
in with the Axis; and when von 
have ſituated the "ihread thus, !cr ir 
ſtand; for now the Center of the 
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Glaſs, and this newly ſituated Thread do lie in the Superficics of that Hour 
which you are about to projett ; and conſequently wherever the Sun is in 
the plane of that Hour, then will the ſhadow of the Thread fal! upon the 
the Center of the Glaſs, which 1s the Ground of the whole W ork of Re- 
 fleQion, which now followeth: Let this be called, The Diredting Thread, 


SGT. Iv, 


Of Reflecting the Hour-Lines from the Hour Thread 
to the Cieling. 


1. O prepare yet further for the Reflection of the Dirc& Thread, 
| faſten a Nail upon ſome Poſt of the bon wy or other (if 1t be 

near right over the Glaſs, it is the more convenient for uſe) and on it 
tle a Thread, which-tor diſtinQtion ſake, call, The Reſletting Thread,” and 
| | let 
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lct the length of it be ſuch as may reach to the Stool of the Window, or 
any other Stool ſet for the purpoſe in the way, upon the edge whereof this 
Refleting Thread may be ſtayed from wavering; and for more ſtability, 
hang a Weight at the end of it. 

2. Upon the ſame head of the Wire, tie another Thread', and let it 
_s looſe by you, until need ſhall call for it ; call this, The Projetting 
Thread, 

3. Look now into the Reflefting Glaſs, until you ſee the Projetting 
Thread, which if you have once or twice tryed, you will eafily find with- 
out long looking. And when you do fee it, carry your Eye, according to 
the length or courſe of the 'T hread, {till moogeng it in your Eye, until you 
have brought your Eye as much over the Reflecting Glaſs, as conveniently 


you can; and then alſo ſee; that your Eye lay the Hour Thread juſt in the 


Center of the Glaſs. When this is done, move the Refleting Thread till 
you can percieve it to lie juſtly between your Eye and the Glaſſes's Center; 
and likewiſe the dire& Thread appearing in the Glaſs; that 1s, let all be 
done fo juſtly, that your' Eye may at once fee all theſe three juſtly toge- 
ther in one Point, namely, the dire&ing Thread (repreſented in the Glaſs) 
the Refleting thread, and the Center of the Glaſs; and when you fee 
them al three together, hold your Eye as far off as you can, that they may 
appear in more exaQnels ; then let the RefleRting "Thread reſt againſt the 
edge of ſome Stool, ſet for that purpoſe and bring the {lipping Knot, that 
it alſo may juſtly (to your ſight) lie upon the Glaſle's Center, and the re- 
preſented DireCting Thread : and fo let them reſt. | 

4- Then take the Projeting Thread, and [draw it out to the Cieling, 
ſo as 1t may touch the ſlipping Knot before-mentioned ; and when it doth 
ſo, note in what Point it toucheth the Cieling or Walls, &c. of the Room, 
Note that | Point (I fay) for one Point (of the former Diretting Thread) 
Reflected. | 

5. As in the laſt 3 Seftion, ſo in this place again , look for the fame 


Directing Thread in rhe Glaſs, and follow- it down till your Eye come as 


low (I do not mean near)) to the Glaſs as you can ; and keep the repre- 
ſented Thread upon the Center of the Glaſs : Then bring the RefleQting 
Thread. betwixt your Eye and the Glaſs; and move it and the ſlipping 
Knot upon 1t until your Eye (at a good diſtance off) can fee this Knot, the 
Center of the Glaſs, and thz reprefented Thread, all three juſtly together, 
one upon the other. And then fix your Refletting Thread. 

6. Afterwards take the Projetting Thread, and by it (as in the laſt 4th 
Section) project the Point or flipping Knot up or down to the Cieling 
or Walls, or Floor of the Room ; ſo ſhall you get a ſecond Point /of the 
ſame DireQing Thread) RefleQed. 

7. Then having two Points of one Hour found out, you may extend 
your projeting Thread to one of them, and with your Eye repoſe the 
Thread upon the other of them ; ſo ſhall the appearance of the Thread give 
you all the Points, through which the RefleQted Hour Line muſt be drawn. 
And by this manner of Work, the ſame Refleted Hour may be continued, 
or carried quite through the Room. 

8. In the ſame manner all the other Hours muſt be drawa feverally. 
Firſt, They muſt be ſet or projeCted direQly into the Thread Hours, called, 
The Direing Threads (as in the 4th Se. of the IIId.) and afterwards from 

M m m m thence 
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thence they are to be Reflected, as in this 4th and the Seftions here- 
of is ſhewed. | . 


—I 


CH AP. 'VIIL 


How the former Precepts are to be apply'd to Windows 
looking Northward. 


I. LL the Obſervation, and laying of the Horizontal Thread within 
- A the Room, &c. is to be done as before. 
2. But in theſe Windows, the Dire&t Axis will riſe from the 
Glaſs upwards without the Room (not within it, as the laſt did) There 
muſt therefore ſomething be ſer up to receive it, that it may be fixed from 
the Center of the Glaſs to that which 1s to receive it. 

3. Then you are to lay ſome long Stick or ſmall Pole (at ſome conveni- 
ent diſtance from the Glaſs ) without the Window, laying it as low 
as the Glaſs: This is to receive the direct Hours, which co place right 
do thus. 

4. Proje& with your Eye the Hour Points (or Knots that are upon the 
Horizontal Thread) upon the direct Axis, ſo {hall the Shadow (or Projecti- 
on) of the Axis, give the ſame Hour upon any Object that lies in the way, 
as namely, upon the Pole that way laid on purpoſe to receive it. And this 
Work you may do either of theſe two ways : 


Fir#t Way, Second Way. 


Make Marks only upon the Pole, The work is the ſame as before to 
for each ſeveral Hour, and when make Marks upon the Pole for the 
they are all Marked, tie a Thread ſeveral Hours, which being done, 
to the top of the true Direct Axis, you mult firſt Reflect the Pole, and 
or, take the true Direct Axis it ſelf mark a point of it within the Room; 
(or Pole of it) and then ſtretch that this Point is the Reflected Pole : Then 
Thread to any of the formerly noted reflect each Point upon the Pole into 
Points ; the fame Thread ſhall re- the Room, ſo have you the Hour- 
preſent each Direct Hour, according Points Reflected. After this faſten a 


' as it 15 applyed to each ſuch Point. Thread to the Reflected Pole, and 


Theſe are the Direct Hours, ,and then ſtretch the ſame to any of the 
may be Reflected as is taught be- Reflected Hour Points ; and then pro- 
fore. L ject this Thread upon the Glaſſes 
Center fo ſhall the Thread ſhew 
where to draw the Hours. 'Thus do 

for all the Hours. 
But if ſome of theſe Points upon the Pole fall to be below the Glaſs (and 
{o cannot be Reflected) then ſtretch a Direct Thread from the true Pole 
to any ſuch Hour; and do further, as in the firſt of theſe ways; ſo theſe 
North Windows are compleated too. 
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Note, Inſtead of the 3d. Section of this Direction where you are preſcri- 
bed to lay ſome ſmall Pole, you may nail down a ſmal] Stick, or 
Wand, upon the Stool of the Window, as is before preſcribed Sect. 3. 
Num. 1. of South Windows. 


— — 


GAS Ii. 


How to make Ea$t and We$t Dials to aflope Glaſs upon 
- any Walls or Gieling. 


any Direct Axis extended as other (North and South) Windows 

have, becauſe the Poſts of the Window will ſtand in the way, fo 

is this here added, that the Horologiographer ſhould not be left deſtitute, 

And now, although no Axis (either Direct or Reflected) can be extended, 

yet the Direct North Pole may be found (and then the Dial made) in this 
manner : | 

1. Having ſet the Horizontal Thread within the Room, even with the 

Center of the Glaſs, make an Obſervation of the Azimuth, as is before dirc- 

cted in South Windows. | 
2. Then amongſt many ways take this, Stretch a Thread from the Cen- 


ik Windows that look near to full Eaſt or Weſt, cannot have 


ter of the Glaſs to the Knot of the Azimuth, ty*d in the Horizontal Thread; 


this Thread fo ſtretched ſhall repreſent the obſerved Azimuth. Or if you 
cannot (becauſe of ſome hinderances that ſhall lie in the way) ftretch out 
a Thread in that manner, lay on juſt over thoſe two Points (of the Glaſs 
and Horizontal Thread) and let it alſo be equidiſtant from them both, 
which you ny do by your Compaſles. | 

3. Aſſume ſome one Point of this Azimuth Thread for a Center, fixing 
ſome firm Point there, and call tnat Point the Center. Then upon Paſt- 
board (or ſuch like) protract the Azimuth and (the North or South part of) 
the Meridian, or the Angle that is made between them. Afterwards lay 
the Center of this Angle upon the fixed Center before mentioned, and dj- 
rect one of the Legs of the Angle under the forenamed Azimuth Thread, 
fo ſhall the other Leg of the Angle (if you hold it right, which your judg- 
ment wall eaſily direct you 1n) deſign where the Meridian ſhall be, which 
project upon ſome Object (as Cieling or Walls) as the manner is, upwards 
to the North Pole. 

4. In this Meridian, with your Semi-Circle, find the Pole, and (fron 
the fixed Center to it) extend an Axis: This Axis 1s parallel to that which 
ſhould go up from the Glaſs. 


5. Above and below this Axis ſtretch another Thread Parallel to it, at * 


a good diſtance, which to do, there are many ways [as ſee the Lemma after 
theſe Precepts] which now I ſuppoſe known; fo that now you have 
two Axes, by which you ſhall find the true North Pole to the Cen- 
ter of the Glaſs (though you cannot extend an Axis from thence) namely 

thus: 
6. Repoſe (with your Eye) one of theſe Axes upori the Ceater of 
the Glaſs, and mark where it ſhadoweth upon fome fit place to —_— 
the 
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the Pole (a good way from the Glaſs, and it there be nothing to re- 
ceive it, ſet up ſomething) there draw a Line. Then repoſe the other 
Axis upon the Center of the Glaſs, and mark where it ſeemeth to croſs 
= former drawn Line, that croſſing is the North Pole to the Glaſle's 
enter. | 
7. Then having found the Pole, faſten a Thread at it; and without 
the Window lay a Pole as before ſhewed, as low, or lower than the Glaſs, 
'The work that now remains, is to ſet Hours without the Window, that ſo 
me may from thence be Reflected into the Room. , 
, Take the Pole Thread, and lay it ro one of the Hour Points upon 
the Horizontal, and repoſe it with your Eve upon the Glaſle's Cen- 
ter, that ſo through this projecting Thread you may at once ſee the Knot 
upon the Horizontal "Thread, and the Center of the Glaſs. In this Propo- 
{ition the ſhadow of the Thread will Project two Points, one upon the 
Barrs or Poſts of the Window, and the other upon the Pole that lies with- 
out. You may {o {tretcha "Thread from theſe Marks, and that Thread ſhall 
be the direct Hours without the Window ; and you may try whether you 
have fer it true by the Pole Thread _— again to the Hour Point in the 


Horizontal Thread. When the direct Thread is thus placed, you may Re- 
fleCt it, as hath been before ſhewed. 


LEMM A. 


How by having one Thread extended in the Air, to ſet 
another Parallel to it. 


Irſt projet the Radiation of the Rtanding Axis, that way that you mean 
to {et up your new Axis; then in that Radiation let two 'T hreads be 
* extended, touching, the Axis both of them, and both making Angles with 
the Axis (the nearer Right Angles the better) and both hidden 1n the for- 
mer Radiation, and both faſtned ; ſo theſe two Threads do keep both in one 
Plain, and both in the ſame Plain with the Axis; and the new required 
AXis 15 to touch theſe two Threads ſo placed : Wherefore extend another 
new Thread for a new Axis, which may touch theſe two Threads always; 
and in that touching Poſition try with your Compaſles, until you find it 
—— from the other Axis. You may help your ſelf by ſetting any fo- 
11d thing that may touch the firſt Axis towards eachend, in a Point where- 
on the toot of the Compaſſes may ſtand without quavering, and fo cafily 
try whether and when the new Axis is Parallel to it. 


Anither way to ſet an Azis juSt under or over the firs. 


Ang up the two Perpendicular Threads towards both ends, that may 
touch the firſt Axis, and put ſlipping Knots upon them, in thoſe 
Points wherein they do touch ; then put two more {lipping Knots at one, or 
any equal diſtance below or above thoſe two firſt Knots: And when this 1s 
done, let the. two Perpendicular Threads hang at liberty, and quietly. It 
now you extend a new Thread, that may touch theſe two laſt Knots upon 
the Perpendicular Threads, the ſame extended Thread ſhall be another 
Axis Parallel to the former. And this (as I ſaid before) muſt nceds lie juſtly 
above or juſtly below the former Axis, and will do the buſineſs. 
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CHAF.  X. 


If a Flat Refleting Glaſs ſhould by miſhap, be put out 
of bis place, how to reſtore it agam. 


a Flat Glaſs may be reſtored to its true Poſition, whether it be 
to lic Flatly vr Obliquely. One may be thus : . 

Becauſe ſuch Glaſles lie moſt commonly in Windows, or ſuch places, 
you may ſo, (when your Hours are drawn upon the Cieling or other- 
where) ſtretch a Thread from the Glaſs to any one Hour, and-then with 
your Eye projet the fame Hout Line, or one Point of it, (if it be not fo 
done before) upon ſome other Objett then is the Cieling, ſuch namely; as 
Rand either Perpendicular, or at ſome ſenſible Angle to the Cielin 
or Superficies upon which your Hours are drawn (as the Glaſs or Poſts of 
the Window) and make ſome mark of this Projection, with ſome Sign, or 
Note upon it, or Figure, that you may atterwatds know again, to what 
Hour it belongeth; ſo do with ſome other Hours alſo, that is, two or three, 
or four Hours diſtant from the former ; ſo ſhall you (by the foreſaid Hours; 
and their Marks, now mentioned) be able to reſtore the Glaſs, it it were 
taken away. Inthis manner: 

By the two Hours, and their two Marks, you miay find the tefle&ed 
Axis again, by which the. Hours were, or might have been projected at 
the firſt ; for two Threads, being firſt faſtned to the two Hours, and theſe 
Marks, you may from thoſe Hours (and by their two Threads, cloſe! 
touching them) ſtretch out two other Threads, and where they (upon thoſe 
conditions of touching the two new extended faſtned Threads, ſhall in- 
terſe one another; there is one Point of the Reflected Axis, and there is ſome 
ſet Mark ot Point of Woad to be for a time fixed: $0 agaitithe {atne two 
Threads in the ſatne marner extended, to touch two other parts of the firft 
faltned Threads ſhall find another Point of the Reflected Axis, at which 
Point again, another Mark or Point of Wood is to be faſtned. This pro- 
jecting, or re-finding the reflected Axis, may be done other ways (as by the 
Eye) which they that have practiſed theſe Precepts in this Book, will be 
ready of themſelves to find without any more Directions, _ = 

New in any part of this reflefted Axis (with a Thread extended from 
the two fore fixed Marks, of Points of Wood quite along, as far as is 
needful will fhew) you may fix the Glaſs again: I fay in any part of it, 
if your Dial have nothing but hours in it, but if it be farnithed with 
other Circles of the Sphere, then not any Point of the Axis, but one 
only Point whete it ſtqed before, muſt be found again, for that only 
oy ſerve all turns: And the readieſt DireCtions to find that Point will be 
this: 

If your Dials be furniſhed with Parallels of the Length of the day, count: 
that Parallel which is equal to the day's length; in which you would reſtore 
the Glaſs, for along that Parallel ſhould the ſpot of Light move all that day: 
Wherefore you have no more to do = to prepare a Glais, and move it ws 
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and fro upon a ſmall bit of Wax, till the ſpot of Light be Refleed upon 
the ſaid Parallel of the length of the - and there fix it. The like may 
be done if the Parallel of the Signs (and not the length of the day) were 
inſcribed upon your Cieling ; 1t firſt by the Planiſphere you find in whar 
Parallel the Sun is upon thar day in which you intend to reſtore your Glaſs. 
Bur if neither the Parallels of the length of the day, nor the Parallel of the 
Sun's courſe ; but the Azimuths {or only the common Hours) be upon the 
Cieling, oy = may help your ſelfthus. Ar ſome convenient time of the 
day find by the Planifphere what Altitude the Sun ſhall have upon that A- 
zimuth or Hour,- on: the day you intend to reſtore the Glaſs, then (before 
that time of the day come) extend a Thread from the place w here the Glaſs 
is to reſt, «to ſome part of that Hour or Azimuth, for which you have be- 
fore computed the Sun's Altitude, moving of it backward or forward along 
the ſaid ; «raed or Hour, till the Thread and Plummet of the Semi-Cir- 


cle being apply'd thereto, hangs upon the Altitude before found ; and wherz 
your extended String reſteth upon the Azimuth or Hour, make a Mark; 
and obſerve diligently when the Sun comes to that Azimuth or Hour : 
Then move the Glaſs in its place to and fro, till the ſpot of Light be Re- 
ys ws = the Point before found, upon the Azimuth or Hour ; and there 
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DEFLEX DIALLING, 


The Way to Draw all manner of DIALS, which ſhall ſhew 
the Hour by a Spot of Light, RefleFed from a Glaſs upon 
any Cieling, or other Object whatſoever, without any re- 
ſpe& had to the Aris of the World, either PROJE- 
CTEDor REFLECTED. 


AS ALSO, 
Whether the Glaſs lie Parallel to the Horizon or Oblique 


unto it, 
TOGETHER 


Will all neceſlary FURNITURE belong- 


ing thereunto. 


All performed by an eaſie INSTRUMENT fitted 
| with Lines to that purpole. 


By Joun Twysven, M.D.C.L. 


_ — — 


The Twelfth TRACT ATE. 


CHAP. I 
' The Deſcription of the Inſtrument. 
|| E T there bea ſtrait Ruler of Wood or Braſs made, as AG, the 


length, breadth, and thicknels, at Diſcretion : About the middle 

of it, or nearer to the end A, let the hollow B be made large e- 

nough to compaſs a Socket of Braſs, into which the Glaſs muſt. be 
fitted, and fo that the fiducial edge ABC, may be imagined to paſs thro? 
the Center of the Glaſs, when ir is fixed; On the other ſide, as at F, may 
be made another hollow, like htat at B, to the end you may uſe either 0g 
of the Ruler, as occaſion may ſerve; to the end of this Ruler muſt be ad 
another at right Angles CM, made moveable, yet ſo ſupported by a Bracker 
E, behind, that it may ſtand ſteady at right Angles, and unto this let there 
be fitted a {lipping Socket with a fiducial edge þ z; let the piece C M be di- 
vided as a Tangent Line to the Radius B C, and of that length that it may 
contain about 47, or 48 degrees, which you need not divide beyond 45. 
On the other ſide-K M, to a ſhorter Radius, let the Tangent Line be con- 
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REFLEX DIALLING 


tinued-to 64. degrees, .or thereabouts, which will be far enough for m 
Dials of this kind, the whole repreſenting two ſides of a Rearguler Pics 
lellogram, or Carpenters Square, the one Leg longer than the other, all 
which by the Figure annexed, 1s eafily underſtood, 
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3: CHAP. II. 
;  » .. Precepts for the Ready Uſe of this Inſtrument. 


Irſt, in the place where you inrend the Glaſs ſhall lie, make faſt fome 
piece of Wood or Brals, exattly Horizontal, unto which, you may 
joyn ſome other large piece of Board, Paſt-board, or other, it mat- 

ters not, ſo as it be made to ſtand firm and Horizontal, till the Dial hall 
be finiſhed, and then taken away. 


Secondly, Having upon | part of your fixed piece of Wood made a 
Mark, over which preciſely {hall be the Center of your Glaſs ; upon this 
Mark as a Center deſcribe ſo, much of a Circle as 1s neceſſary, toas large a 
Radius as the Paſt-board wil! give way, and then the Sun ſhining,” hold up 
a Thread, ſo that the ſhadow ot it may pals through the Center of your Cir- 
cle; and mark where it cuts the Cricumference, and at the fame inſtant 
take his Altitude, and find his Azimuth, either trigonomerrically, or b 
ſome Aftrolabe:' of all projeQtions of the Sphere, I know none fo cxatt f6 
the performance of all things neceſſary, for che making theſe Dizlls, and rhe 
ſolution of all other Aſtronomical Problems, as that commonly called Bla- 
grave's Jewel; now put out, every way much amended and altered by Mr. 
"Tohn Palmer, ReQtor of Eton in Northamptonſhire, my eſpecial Friend. 


: Thirdly, having found his Azimuth, ſet off now the South or Eaſt Line, 
by help of a Scale of Chords made to the Radius of your formerly deſcribed 
wolep wewal take the Example of an Eaſt Dial: As for Example, In the 


- Latitude of 52 deg. 15 min. I obſerved in the Tropick of Cancer the Sun's 


Altitude 15 deg. oo min. By my Aſtrolabe I tind his Azimuth, then from 
the Eaſt, or ſix of Clock Line was 19 deg. or 71 deg. from the Meridian or 
Midnight Line Northward, but becauſe in this Example the Meridian could 
not be expreſſed, I ſet off 19 degrees upon my Circle to the rigut Coaft, 
and thete through the Center draw a Line, which fhall repreſent the: Eaſt 
Azimiith, 


Fourthly, Your Eaſt or Meridian Line, if it may be, being thus drawn, have 
recourſe to your Altrolabe, or by Trigonometry find thele cniuing things. 
Firſt, for all neceſſary Hours which will come upon the Dial, find the Sun's 
Azitnuth, and likewife what Altitude it hath in that Hour and Azimuth; 
do this for the Tropick, the Horizon (in Dials made to Oblique Glafſes) 
the EquinoCtial, or tor as many of the Sun's Parallels as you pleaſe ; 1 have 
made choice of the Diftance upon the Horizon, and Tropick ot Carcer, tor 
a Flat Rovff two are enough, becauſe the Hours win be ſtrait Lines 0- 
therwiſe if the Roof be concave, convex or any way u > even, it Will requite 
the finding of morepoints ; write theſe down, as in th® Table entuing., 
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In the Latitude of 52 degrees, 15 minutes, i 
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Diſtances from the Eail | In the Tropick of Cancer, 
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Hours | deg. min. | H. m. |D. m. DD. m. bl. 
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| CHAP. IV. 
How to faſten the Glaſs and draw the Houts. 


Aving gone thus far, your next work will be to faſten your Glaſs in 
its Socker, to what Obliquity you pleaſe, at - adventure, and fo to 
order all rhings that the Center of of your Glaſs may be direCtiy 0- 
ver the Center of your formerly deſcribed Circle, and the height of the 
Center of your Glaſs, equal to the thickneſs of your inſtrument; {ſo that the 
hollow part of the Ruler encompaſſing, the Socket, the fiducial edge may 
paſs through the Center of your Glaſs, which you may mark with a little 
ſpeck of Ink, till your Dial 15 done. EE 
The Hours are to be Drawn in this manner : Firſt, get the Points where 
the Hour Lines ſhall cut or touch the Horizon in the Cieling, by which 
Points the Horizon it ſelf may atthe laſt be drawn. "Theſe Points you ſhall 
Fer, as in this Example in the Latitude of 51 deg. oo min. when the Sun 
riſeth at Four, I find by the "Table annexed in the Column belonging to 
that Latitude, that his Amplitude or Diſtance irom the Eaſt Northward, 
1s 37 deg. 19 min. Place therefore the Radius of your Inſtrument to that 
Amplitude or Azimuth, marked before in your Circle upon the Horizontal 
Board ; and the Socket being ſer to the Sun's Altitude, which 1s oo deg. oo 
min. obſerve, with your Eye, where the fiducial edge of the Socket, in 
the point of interſe&ion with the Alritude, will be reflected from the mid- 
dle of the Glaſs, which you ſhall find always in the ſame Azimuth, if the 
Glaſs be Horizontal ; but 1} the Glaſs be Oblique to the Horizon, the Re- 
lection will ſwerve toward te Pole Zenith of the Glaſs, more or leſs, as 
the Obliquity is. Hang a Thread, or faſten it in any place, fo that holding 
it between your Eye and the Glaſs,it may catch this reflefted Socket where- 
ever it comes, and where it cuts the Thread tie a ſlipping Knot. Now a 
Thread extende'l from the Center of this Glafs, by this Knot to the Cieling, 
ihall rouch the Point where the Hour Line of Four 1s to cut the Horizon. 
In like manner you ſhall tind the Points for 5, 6, 7, 8, if need be; and if you 
will alſo, for 9, 10, 11, and 12, working by the Amplitudes of the ſeveral 
Hour Lines, as you did by the Amplitude of Four. A Line drawn _—_ 
theſe Points, ſhall repreſent the Refletted Horizon, if you ſhall have a de- 
lire to draw It, L 
Then laſtly, Go to your Table for the Tropick of Canter, and in the 
Azimuths marked in your Circle, and belonging to every Hour you 1n- 
tend ro draw, place the Radius of your Inſtrument, as before you did for 
the interſetions of the hours with the Horizon, and move the Socket in 
the upright Ruler of your Inſtrument to the degree of Altitude Donng- 
ing to that hour you intend to draw, which you ſhall find in your Table 
calculated for the Elevation of the Pole, from 50 deg. to 56. deg. and witlr 
your Eye Refle& it by help of a Thread hung up any where, and held 
berween your Eye and the Glaſs in the ſame manner as you did the Re- 
fletted Horizon ; and where a Thread extended from the Center of the 
Glaſs by the Knot touches the Cieling, thar is the Point for that Hour, and 
rl 
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REFLEX DIALLING. 


a Line drawn from thence to its correſpondent 1n the Horizon, ſhall re- 
preſent the Line where the Reflected ſpot of Light will be for all the 
car. 
: As for Example in the Latitude of 51 deg. oo min. I find by my 
Table that the Sun's Amplitude or Azimuth from the Eaſt Northward in 
the Tropick of S& is 37 deg. 19 min. at the hour of Four.' There I place 
the Radius of my Inſtrument, and move the Socket to 1 deg. 13 min. the 
Sun's Altitude in that hour, then the Inſtrument remaining in this fitu- 
ation, I refle& the Socket as before was ſhewed, This you muſt repeat 


- ſuch Hours as you intend to draw, and finiſh your Dial if you think 
, 


Note, When you cannot readily find the Image of your Socket, in the 
Glaſs, being narrow, you ſhall lay a broader piece upon the narrow- 
er, and having found it in the broader (which will ſoon be done) 
keep your Eye upon it till ſome body remove the broader Glaſs, 
and you ſhall eaſily find it in the narrower, tor-there about it will 


paſs. 


Note, alſo, That if you find not your Latitude in the Tables, you muſt 
work a proportional part, in this manner : Suppoſe I deſire to draw a Dial 
in the Latitude of 5x deg. 32 min. and would fund where the Hour of 
Four interſeCts the Horizon; I find not that -Laritude, but find 5o deg. 
oo Min, and 51 deg. oo min. In 50 deg. oo min. I find the Amplitude at 
4 hours oo min. is 37 deg. 24 min. In 51 deg. oo min. it 15 37 deg. 19 min. 
their difference is 5 min. Therefore, As x deg.: to 5 min. : : So 32 min.: to 
2 Min. 4o ſec. which being ſubdutted out of the Amplitude belonging to 
the Latitude of 50 d. 37, 24 ſhall give ycu 37 d. 21 min. 20 ſec. the Am- 
plitude required. Or, adding it to the Amplitude of 5x d. oo m. you ſhall 
find the ſame thing, 


G CHAPF. I. 


Of the Furniture of Dials. 


HE Parallels of Declination, of Altitude, the Azimuths, Proportt- 
| ons of the ſhadows of their Gnomons, and the like, commonly 
called the Furniture of Dials, may be ealily inſerted by this 1n- 
ſtrument, if any man ſhall defireit. Though to ſpeak my own judgment, 
I think theſe kind of additions rather for Ornament than uſe. Firit, Be- 
cauſe they are many of them in their own nature difficult to deſcribe, be- 
ing Seftions of a Cone, and muſt therefore be drawn from many points, 
which hath ſome difficulty in the performance, except where they fall out 
to be Circles, which caſe will only happen where the Plain paſleth by the 
vertex of the Cone makes Right Angles with the Axis, there the common 
Section is a Circle. _ If the Plain touch the Cone, it will be a Paratola. It 
it cut it, an Hyperbole. Laſtly, If it neither makes Right Angles with 
the Axis, and neither cuts, nor touches the Cone, it will be an Ellipfis or 
{treight Lines, as the Azimuths in a Flat Roof. 


decondly, 
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Secondly, becauſe when they are Drawn, every Aſtrolabe will reſolve 
the Problems more truly than they will. 

T might add a third Reaſon, becauſe the multitude of Lines often hinders 
thoſe thar are not uſed to them, to tell the Hours of the day, which is the 
chief uſe of Sun Dials, eſpecially of thoſe of this kind, where the ſhadow 
of one Point of the Axis gives the Hour. 

Yet, leaſt any ſhould think this Inſtrument imperfect, * I ſhall ſhew 
the Deſcription of ſome of them, and Jeave the reſt to the Induſtry of 
every Man. | 


—_— 


REP: YV, 


The Parallels of Declination. 
fks are of as great uſe as any, becauſe the two Tropicks being 


the Parallels of the greateſt Northern or Southern Declination, 

ma?y ſerve to limit or bound the Dial, and for them I need add 
no new Precept, having before in the third Chaptec- taught you the De- 
ſcription of the Tropick of Ss. ' The Tropick of wv is deſcribed in the 
ſame manner by help of your 'Table, placing your Inſtrument to the Azi- 
muth belonging to every Hour, and marked in your Horizontal Circle, and 
RefleQting the Socket, being before placed to the due Altitude, If you de- 
fire the intermediate Parallels, either you mult rake the =” to Calculate 
Tables or by an Aſtrolabe, you may perform it exactly enough for this 


purpoſe. 
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The Parallels of Altitude. 


He Parallels of Altitude are inſerted after this manner, not much 
differing from the former. Suppoſe I would inſert the 2oth. Pa- 
rallel of Altitude. Move the {lipping Socket to 20 degrees in the 
Ruler, and the Radius being placed in any part of the Horizontal Board, 
Reflect with your Eye, by the help of a Thread, and a ſlipping Knot the 
image of the Socket, and carry 1t to the Cieling ; do thus till you have 
found as many Points as you Pleaſe, through which a Line drawn, ſhall re- 
preſent that Almicanter. 
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CHAP. VIL 


The Proportions of the Shadows to their Gnomons. 


"YHeſe are no other than Circles of Altitude to a determined propor: 
tion, and may thus be ſet on. Conſider firſt, what proportion 


you defire to expreſs. As for Example, I deſire to know when 
the Shadow 1s double to the Radius. I take in my compaſſes the length 
of the leſſer Radius of my Inſtrument, and upon the upright Ruler from 
oo deg. oo min. meaſure that length twice, you will find the Compaſſes to 
fall upon 63 deg. 3o. min. to that degree and minute, fer your moveable 
Socket, then your Inſtrument being placed as before is taught, viz. That 
the fiducial edge of it, paſs through the Center of the Glaſs, remove it up- 
on the Horizontal Board, from place to place, and reflect ſeveral Points 
through which draw a Line. At all times when the Spot is in that Line, 
the ſhadow of all upright things whatſoever, ſhall be double to their length; 
by which means you a find what height any Steeple or the like is, by 
—— the ſhadow of it. In the ſame manner may all other Proportions 

e inſerted. 
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CHA P. VIII 


To put 7n the Azimuths. 


dT ae onus. + <> 


Ook what Azimuth you defire to expreſs: As for example, I deſire 
to put in the 1oth Azimuth from the Meridian, Firſt, upon your 


Horizontal Circle, mark that Azimuth, and next examine what Al- 
titude the Sun hath in that Azimuth, 1n any parallel you think fit, or which 
is moſt proper to be made uſe of, and to that Altitude ſet the Socket, and 
place your Radius in the {aid Azimuth, then reflet the image of the Socket, 
and carry it to the Cieling, it will meet with the parallel if you have 
"Pp wrought truly, there make a mark. Do this for the Horizon, where the 

fy Sun hath no Altitude, and mark the Reflected point, though thoſe two, 
b draw a ſtrait Line, ifthe Roof be flat, otherwiſe: you muſt ſeek more points, 
+ After the like manner may the unequal hours,the degree of theSun thatculmi- 

nates, andſuch like,beinſerted,which I leave to the induſtry of every PraCtiſer 

to perform. TI ſhall now ſhew a ready way by this Inſtrument to make 

Dials to a flat Glaſs, theſe precepts hitherto being fitted to Glaſſes thar lye 
' aſlope or Oblique, whether Convex, Flat, or Concave. 
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CHAP. IX: 


How to draw the Hour-lines to a Glaſs that les Parallel 
to the Horizon. 

O as you as you are directed in the foregoing precepts only inſtead 

I) of Refleting with your Eye you may now place the Radius of your 

Inſtrument, ſo that the upright Ruler may be within the Room 

then applying it over in the Azimuth given for that Hour, move the Socket 

to the Altitude of the Sun in that Hour, and from the Center gently extend a 

Thread which ſhall ſhew you one Point, do this for as many Parallels as you 
deſire, if the Root happen not to be Falt, otherwiſe two are enough. 

For example, in the Latitude of 5x deg. 3o min. I draw a Meridian if I 
can, which 1s likewiſe an Azimuth, and find that in the Tropick of Carcer, 
the Sun will then be 62 deg. oo min. high, to which I move the Socket, and 
gently extend a Thread by it to the Roof which ſhall give the point requi- 
red. Do this for the Equinoctial, and through the. Points found draw the 
Hour Lines. | 


ANOTHER WAY 
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The Extrat fa LE TI T ER 


Written by Mr. I. HartTton from Grays-Inn. 


C 


S IR, | 
A Br: that my occaſions do and will detain me yet for ſome time 
cc 


in Town; I ſhould not have given you this trouble of a Letter ; 
w for I purpoſed in my firſt Vacation from buſineſs ro have ſeen 
» you; yet becauſe in our laſt diſcourſe, there was ſomethin 
« ſtarted of Reflexed Dzalling, the Theorie whereof I rold yor, I thoughr 
ET could manifeſt in Two or Three Diagrams, and we not having oppor- 
« tunity propter locum ambulandi datum, to delign the fame, whereof you 
* ſeemed a little earneſt, 1s the occaſion of this, and the rather tor that ,I 
«* am not certain of ſeeing you, | 
Firſt therefore, you are to take notice of this general Synopſis of Dials 
or Plains, whereon Dials may be deſcribed. 


1 Horizontal Horozontal 1 

Meridian or Polar _— ; 

Direc : 3 

Prime Vertical Soath 4 

| North 5 

Perpenaicular | 

| | South — 6 

All Plain Super- Dechinin Weit 7 

ficies's whereon Di- | C s North 'Ea#t 8 

als may be deſcri- | we WW, W- 2 
bed, are 

Meridian oo ; ; 

{ Direct Equino.12 

| Prime Vertical 2 Polar 13 

Neutral 4 


+ FPolar 15 
Eat 


Polar 1 
7 T7 
Wet {im Po.18 


[ 
TW 
L Declining [ 
LC 


-« FPolar 19 

North EH 4 Non Po.20 
od A, þ Polar 3 4 
de Non Po.22 


S0 
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So that the names of the Dial Plains are in number 22. The firſt 
admits of no variety ; in others the fame direfion or calculation will ſerve 
for two of 6ne kind in ſome for four. s PIGS | 

Now for the particular deſcription of each, ſo many have made it their 
buſineſs and ingenuity, that here ſhall be no more ſaid than what is already 
evulgated, which is more than ſufficient, although I could Symbolum offerre, 
and that as currant as ſome of the reſt ; but becauſe the occaſion is Reflex- 
ed-Dialling, and that from a Plain and arg A» rr pny howſoever po- 
ſite, know that this Superficies muſt neceſſarily be ſome one of the 22 varic- 
ties aboveſaid, this is proved indutiv?, by a perfeft cttumeration of all the 
ſiogulars ; for all Plains muſt ſingularly be in ſome orie of theſe 22 Po- 
ſitions, | 

2, Again, the Plain of the Glaſs (conſidered as an ordinary plair for a 
Dial). miſt be taken asa plain in a Counter-poſition to that ordinaty plain, 
as for inſtince in the Horizontal, an Horizontal Glaſs refleAts ah Horizbn- 
tal Dial, as ſhould ordinarily be made to the Antipodes of the fame place 
refleed; and fo the like in the reſt of the plains, where you muſt be Mill 
{ure to apprehend the plain of the Glaſs to make an Antipodical Dial to the 
ſame plain taken with a reflection, : FRY 

3. As all Dials it their delineations or tracing of their hour-lines, ref] 
their proper Axis, Hotizons, ad Equators, fo likewiſe do theſe the fame in 
their reflexed poſture; and here how you are to proceed toargue and ſtate 
theſe, ſo as you may take your praftice in thein, as in the ordinary plains, I 
ſhall be ſo free wirh you as to give you = {om ny my ms = 

4. Becauſe the Poles of the Rehuator and Horizon are fo called in the com- 
mon Nomenclature, as they are Perpendiculars, fo for that reaſon ſhall I 
call the Perpendicular of the Glaſs, the Pole of the Glaſs, concerning which 
Pole, take theſe 4 Theorems. 


That the Azi.\ 1 Meridian is the Declina- 
muth, = which theC— ) tion. 
Gun ye a) 2 Horizon jiethe lint 
| compared with 2 Meridian, is the Inclina- 
That the Hour- | the 4 tion of Meridians,or dif- © 
lines. |} ference of longitude, *of that Glaſt 
4 Equator u« the latitude vr | 


altitude of the Stile, viz. 
if it lie on the under or 
South ſide of the Equa- 
tor South latitude,other- 
wiſe North latitude. 


jr I” IN 
Oe CE IOC 


CO I IT 


5 How to find this Pole of the Glaſs, the Glaſs it ſelf being fo ſmall, and 
ſet within a Socker, as no Inſtrument can be applied to the Plain of it, 
there are two ways. | 

I. Geomerrically ; For ſuppoſe the Sun ſhining on the glaſs at C, the 

ſpot or refleftion © at D. A Ruler » or ſuch like thing, held up 

at'B, fo as the ſides of a Triangle BC may be meaſured. Then the 
iide DB cut in E by the 6 lib. Exclid prop. 3, ſhall give CE the Pole 
of the Glaſs. Then an Horizontal Paſtboard applyed ro C (the Me- 
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REFLEX DIALLING. 
ridian being firſt found thereon) will by a Perpendicular Thread hun 
up, give you the Pole of the Glaſs, and a Quadrant Applyed to that Pole 
his Altitude or Depreſſion in reſpe& of the Horizon. 

2. By Trigonometry, or Calculation; For the Sun ſhining upon your glaſs 
take his Altitude, and at the ſame time mark with a Pencil the ſpot or 
reflection ; for by this (without the Sun ſhining any more) there is e- 
nough to draw the whole Dial with all the lines of the Globe; for ſup-" 

_ poſing Cin the Cegter of the Earth (as all Nodus's of Styles are ſuppoſed) 
and C O the ſpot or RefleQtion to pals into the Heavens into a certain part 

as C9, which comes from thence. - It is not to be doubted that the Arch 
of a great Circle O © would be made thereby, the 4 whereof would be 
C 9 the, pole of the Glaſs, for the Angles of incidence and reflection are 

_ equal, both in reſpeCt of the Perpendicular, as alſo the plain of the Glaſs, 
And fo from the Azimuth and Altitude of the Sun taken, as alſo of the 

 Tpot, the Azimuth, Altitude, Hour-lines, and Diſtance' fram the Equa- 
tor of. the Pole of the Glals (the four things which arc before direQed) 

_ are eahly found. _ fs TONE Ee 
6, For this ſpeedy finding of the refleted 'Axjs both of the Equator and 

Horizon (for without thele the reflefted hours and Azimurhs arc not to be 

drawn) 'as alſo the. refletted Horizon, Equator and Tropicks, there are two 

ways. / | NAP | | 

4 By Inftrument, 2 By Calculation. The firſt way dire&s the ſecond, 

and fo of the ſecond T fhall fay but little, that my Letter may not ſwell ; 

And fot the frft, for Example, 1 will propound the Horizoruat Inſtrument 

if the place, where the Diats are intended to be drawn, fuppofe at London, 
here the Laritude. is 51 deg. 32.min, Sa then let this be the Queſtion, 

which is propounded in Cexteſir”s of degrecs. 


PROBLEM. 


In the Latitude N. 51d. 53c.% the Sun beinp tn the firſt fcruple of Cancer, 
having poſt meridional Azimuth from the South 50 deg. $5 c. and Auitude 53 
deg. 756. caſts from a Glaſs a reflection O of poſt mentdicual Azimuth from the 
North $1 deg. 74 c- and of Altitude a6 deg. 69 c. 1 deſire to kaow the Plain, 


FERRET 9 A 


N the Horizontal Diagram of the Latitude propoſed, let the Sun ©, the 

ſpot O, the Zenith Z, the Pole of the Glaſs 9, and the Azimuths and 

Altitudes be laid down according to the Data's in the propolition, and the 
manner of the Diagram, Queritur © O, the i whereof © ©, and fo Zo. 

And again Pp and P Zo equal to the declination of the Glals , vis. 
NA. 

Alſo twice Zp=ZE the reflected Zenith of the glats, and EX+ 

o deg. | | 
? 7 V XZ the proper Horizon or plain of the Glaſs. 

Laſtly, Twice P'@ gives you P D the reflected Axis, c>s. for the reflecte! 
Zenith and. the reflected Axis of the Glaſs, are thoſe whereby the Hours 
and Azimuths are.to be drawn ; which together with the Zquaror and iHo- 
rizon (becauſe they only are great Circles and biſett the Glove) will be 
ſtrait lines #» pl ano. + 

[?. 1; 
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But becauſe, as perhaps, through haſte /and the ſhort contraQtion of thus, 
which I had rather have diſcourſed than thus made up into a Letter) 
any error may have happened in-the deſigning of the Triangles u 
the Horizontal Diagr#m, take this ſecond Solution by the Globe. 


2. SOLUTION. 


HE Pole of the Glaſs being as by the fifth found, by his Azimurh and 
Altitude aſſign a point upon the Globe, by ſome m_ of white pa- 
per or other thing clapt thereon, from that point with your Quadrant 
of Altitude uſually made therewith, or rather Semi-circle of Steel, Braſs, or 
Whale-bone, application being made tothe Pole of the World, Zenith, two 
points in the Equator and Horizon: (becauſe great Circles) -Tropicks, &c. 
the oppoſite equal Arches thereof, ſhall give you the reſpeQive reflexed 
points ; having always a regard from this point or Pole of the glaſs affign- 
ed, that you make the Angles of RefleCtion equal to the Angles of Incidence. 
From hence now ſome neat Concluſions may be deduced, ſuch as theſe : 


x. Firſt, That the Sun being; at the point D (that-is having North De- 
clination 19 deg. 43 c. 3, polt-meridional Azimuth 80, deg. 31c. +; 
Altitude 32 deg. 53 c.4, and Hours 43) ſhall give a ion to P, 
that is parallel to the Axis of the World, and/1o by conſequence the 
Sun in his own poſition to the Glaſs (if by obfervation you watch that 
moment) ſhall ſhew you the reflected Axis of the Glals. | 

And fo at Lozdpy this refletted Axis is found, when 'the Sun is in; 
the Meridian having North Declination r3 deg. 6c. 3, theplain ofthe 
Glaſs lying Horizontal. __, 

. By this the Superficies of the Glaſs, or the Plain of the Glaſs, appears 
to be one of the 22 varieties of Plains, and that it declines 60 deg, and 
reclines 54 deg. Wa, - np Sd 

3 That by the plaig of the Glaſs repreſented in the Horizontal Drgram 
by VXY, you have the Hour-lines expreffible upon that Plain, or 
which can be refleted by that Glaſs, and alfo the time of the Year when 
the Sun will firſt ſhine thereon, and rhe continuance. 

4. That without any Glaſs, you may from a point taken, affign a reflex- 
ed Axis where you pleaſe, by an Azimuth and Altitude taken to your 
own fancy ; as ſuppoſe at D, then will o the Poleof your Glaſs be found 
as before, 'and you muſt be careful in bringing the Center of your Glaſs 
into rhis point, and ſo place it, which is alfo very feazible ſeveral ways. 

7. For the practice, or. making of theſe Dials, with all rhe- Furniture 

thereof (the Theory being thus laid down) I ſuppoſe you are well enough 

SOON therewith; I ſhould propound for my own praftice any one of 

rhele. 

1. Having got the reflefted Axis, which will always paſs throngh the 
Center of the Glaſs both into the Air and into the Room [if the trati- 
ſome of your Window lie not direQty in the Meridian} and havi 
eretted a Paſte-board, or ſuch like thing ar Right-angles thereto, pa- 
rallel to the refleted Equator, you may by Threads defign the Hours, 
as is now a very familiar Pry in making of String-Dials, which 
ferve both for the Hour of the Day by the Sun, and hour of the Night 
by the Stars, 


MK 


2 By 


Index unal 


REFLEX DIALLING. 


2, By a Plain ſet Parallel to the Superficies of the Glaſs at a convenient 
diſtance, whereon you are to deſign what you intend to be put on this 
Dial; and if the Parallel Plain be of Paſte-board or Paper, a Thread 
faſtned at the Center of the Glaſs, ſtrikes your whole Dial de morſa pa- 
pro.” The diſtance of the Plain from the Glafs, will be as you pleaſe; 
viz, The diſtance ofa plain from a Nodus. 

3. The Pole or Perpendicular of the Glaſs being drawn out and deſigned, 
you can eaſily propound to your ſelf, what, and in what poſition the 
Sun's rays wili make an Angle of incidence-with that perpendicular ; 
and ſo by a Semicircle or 1] angent of fine Paſtboard taſtned to that 
perpendicular, you can , on the other fide, afſign the like Angle 
for Refleftion, And for the Horizon which is to be refleted, two 

: Points may many times eaſily be got by the Eye, looking into the ' 
Glaſs, and fo between the Eye and the Glaſs interpoſing a mark as by 
SeQt. 5 two points are ſufficient to deſign that. 

And thus by one or other ot theſe ways you ſhall be ſure to hit of your 


purpoſe, 
POSE SS CAILPT. 


Shall conclude this Traftate with the Deſcription and Uſe of an Inftru- 
ment, or Dial for my own Uſe, which by one ſingle Hour-line deſign- 
ed within a Room, and that at Pleaſure, (which will prevent the ſoiling of 
Hangings, Cupboards, or ſuch like things in a Room) ſhall moſt readily 
we'you the Hour, and actually (it your Room be large) every day in the 
ear. The Inſtrument may be of neat uſe in Gardens, being ſet near the 
North ſide of a Wall of Tower, yet ſo that the Sun may ſhine thereon, and 
the refleftion be made in rhe ſhadow, 

It is very plain and ready, and the hours upon the Eqainodal naturally 
divide themſelves into 7% deg, a-piece, and the reaſon thereof (that is, the 
demonſtration) 1s very apparent. | | 

This Reflexed Dial here mentioned 1s no other than an EquinoCtial 
Dial, ſuch as is deſcribed in the XV Chap. SeQ, I. Fig. X. of the Firſt Tra- 
Rate, or that in Chap. XVII: SeRt. I. Fig. XVII of the fame; for all are 
to one effeA, thoſe Plains lying parallel to the Axis of the World, and there- 
fore the Stile lies parallel to the Plains : that is, the Plains do lie in ſome one 
Hour-circle or other. Then if the Superficies of a plain Glaſs (I mean the 
Spot deſigned for a Reflex Dial) be fo placed, the Axis (becauſe parallel to 
the Plain) will have no Incidence, and fo, by conſequence, no RefleQion : 
The Perpendicular of this Glaſs (being an Imaginary Point) lies in the E- 

uator : fo that the Superficies of the Glaſs fixed 1n a Gnomon to turn round 
now all Gnomons look into the Elevated Pole) will continually caſt a Spot 
(the Sun ſhining). into ſome one Hour-line or other, which let be drawn 
at pleaſure within the Room, And then fixing a fmall Circle with an In- 


. dex to turn round, ſuch as is the Hour- Circle of a Globe, that Index then 


reQified to the true Hour, when the Spot ſhews upon the Hour line in the 
Room, bringing the Spot afterwards at any time to the ſaid Hour-line, the 
will give the true Hour. 


Now 
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Now why the Hours upon the Hour-Circle comprehend 7+ _—_— 
a-piece 1s _ apparent. For the Perpendicular of the Reflefting Glaſs will 
always biſe& the EquinoQtial Arch intercepted between the Sun and 
the Spot ( which 1s the Sun refleQed) and ſo by conſequence the Plain 
or Superficies of the Glaſs, moving as doth the Perpendicular, or Imagina- 
ry Point notified by the Index of the Hour-Circle, 1s only promoted 74 de- 
grees every Hour. I need not lay down a Demonſttation at large in fo cafie 
a matter, nor deſcribe this Inſtrument further than TI have ſaid ; the Figure 
ITE. will better inform you than many words: NS being both a Meridian 
and Horizontal Line, PS the Axis ofthe World, A the Glaſs, P the Hour 
W heel fixed, but the Index moveable. 


« But I ceaſe to give you further trouble at this time, deſiring rather 
« your pardon for this confidence I take, in _—_ to your Mathematical 
« {tore, wherein, and 1n the right uſe of your other fortunes, you are Creſo 
&« ditior. And hoping your occaſions will, &s. 


The End of the Twelfth TRACT AT E. 


REFRACTIVE 


DIALLING 
DIALS by REFRACTTION. 

Ts SHEWING, 

(Two Different Ways, V:z.) 

INSTRUMENTALLYa"dPROJECTIVELY, 


How to make Sun Dtals in the inſide of any Con- 
cave Veſſels (either Regular or Irregular) and to 
inſcribe into them all Uſual Furn:ture. 


Which Dzals ſhall ſhew the true Hour of the Day, the Alti- 
tude, Azimuth, and Declination of the Sun : The Jewiſh, Ita- 
lian, and Babyloniſh Hours. The Sign Aſcending, Deſcend- 
ing, and Culminating : The Poſition (or Domifyng) Circles, 
Cc. When the Veſſel ſhall be guite filled with Water, or 
when it ſhall be partly Full and partly Empty. 


OI" i. On” IO” 


The Thirteenth FR (2 4, + 46 WM 


Of Refrafted Dials in General. 


HE Sun Beams are refratted by any tranſparent Body that they 
fall upon, if the ſame be more Denſe or more "Thin and Rare, 
than the Medium thorow which they firſt ſhine. Such Bodies 
are either Solid or Liquid. In both which kinds the moſt Com- 
mon Bodies are Glaſs or Chriſtal, and Water. 

Refra#tions (as we are here to Uſe them) may be divers ways conſidered, 
Firſt in Solid Bodies, the Superficies Retratting may be either Plain or 
Curved, and this either truly Regular, ſuch as 1s Spherical or ſuch like, or 
elſe various of no determinate Regular Form. And litkevile the Plain ef- 
pecially (but the other alſo in ſome ſort) may .be either Horizontal or 0+ 
therwiſe placed, upright or leaning. | 


Again, 
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Again, In Solids pellucid, the Rays of the Sun from the point of an In- 
dex, ſtanding without ſide the pellucid, between the Sun and it, muſt paſs 
either firſt from the Index through the Air, and then into the Solid, and 
ſo meeting with an apacous Body, cloſe joyned to the out-ſide of the tranſ- 
parent Body, may there be terminated, and fo ſuffer but one Refraftion at 
its firſt entrance into the pellucid, or elſe the opacous body , (upon which 
the ſhadow of the Index ſtayeth and- pierceth no further, but is made vi- 
ſible) may ſtand at ſome diſtance from the pellucid; and fo the Sun Rays 
paſs out of the pellucid into the Air again, betore they come tothe Opacum ; 
by which means they ſuffer a double Refrattion, one at their entrance into, 
the other at their going out of the pellucid Body. 

Or further, The point of the Index may be within the pellucid, and fo A the 
the Sun Beams muſt firſt enter into the pellucid, and ſuffer one RefraQtion Ces we vori- | 
before it comes to the point of the Index, and afterwards either meet with ©7979 
an opacous body, cloſe joyned to the outward Superficies of the Pellucid ; opacomendpet- 
and ſo ſuffer no more RefraQtion, but be there terminated, or elſe #f the Opa- fla p Bodies 80 . | 
cum ſtand at a diſtance from the pellucid, the Sun Beams muſt again paſs* | 
through the Air, and ſuffer a ſecond RetraCtion (at their going out of the 
pellucid) before they meet with the opacous Body, or dark Superficies that 
ſtays them, | 

dr again, The point of the Index may ſtand without the pellucid, and 
the Sun Beams be twice Refrated through both Superticies, before they l 
come to the point of the Index, the pellucid being interpoſed between the 
Sun and the point of the Index, and the point of the Index ſtanding be- 
tween the pellucid and opacous Bodies. Pp 

Secondly for Water, or any ſuch tranſparent liquid ; the varieties are May veic- 
not ſo many, becauſe the Superficies of it is always level with the Horis is 5eþdes the. 
zon ; and becauſe likewiſe the liquid apphes it ſelf contigiouſly to the opa- preguloy's 
cus Body or Veſſel that contains it; onely beſides one fration, the irregu- dies the are 10 
 larity of the Veſſel that contains the Water is troubleſome. Now the re. "7 he i 
fraftion by Water alone can be but One, which is at the Sun Beams en- of themſelves 
trance into the Water ; but the variety of projefting the Lines of the Dial #* #®fn#c- 
is two-fold, according as the Index Point may ſtand, either within or with- 
out (that 1s above) the Water. | 

But if Water be put into a Gaſs, or any ſuch pellucid Veſſel, then may 
the varieties be as many as were the former of Solids, in ref; of the 
ſituation of the Index, Pellucid and Opacum. Yea and more, uſe be- 
fore, the Pellucid was ſimple and ſimilar, but this Pellucid mixt or diflimi- 
lar; ſo that the Retraftions are here multiplied into four Varieties or Brea- 
ches (whereas the other had but two' cine ipſius mixiones vel compoſitiones 


going out of the 57 46 and entrance into the Glaſs; the fourth at the 
S into the Air, | 
Now all theſe Complications of infinite Varieties, gather ſuch an incom- Aud thu 


neaments. If all the Caſes mentioned were intermingled, there would on. 
be no end of Varieties. 
| And 


60” REFRACTIVE DIALLING. 
And becauſe the quantities of the ſeveral Retractions, at their ſeveral 
Incilenccs, are unknown, and although they were known, yet by .rea- 
{on of the irregularity of molt Pellucid Solids, the Angles and Coalts of 
Incidence would be altogether unknown, and in that regard the Refracti- 
ons, both in quantity and coaſt unknown alſo. In all theſe regards it is 
atrogether impoſlible to give any Rule, either by Calculation, or Geome- 

trically, by drawing lines how the hours ſhould be delineated. 
= In Water (indeed) where the Superticies is both a true Plain, and alſo 
1 The ike Lying truly Horizontal, the Varieties will be fewer, and ſo the Work more 
Iniex muſt of eaſie. But of this I will ſpeak afterward peculiarly, becauſe things neceſ- 
necefſuy w—_ ſary in this kind may be more vulgarly had (being more obvious) and the 
Line er Axis. Way much more ealie in it ſelf, though commonly alſo thought to be ex- 
ceeding difficult, being eſteemed as a rarity above the common apprehen« 
lion and performance. And if this that 1s eaſieſt be fo eſteemed of, what 
ſhall the former (fo difficult) be accounted of, being invo!yed in ſuch an in- 

numerable number ot various Varieties. 


Of Refracted Sun-Deals in Water. 


How to Draw them by the Semicircle and Planiſphere 
Joyntly together, | 


HE RetfraQtions to all Inclinations or Altitudes in Water muſt 
be had, as I have framed a Table for that purpoſe, which 1s 
here inſerted. 

2. The Veſſel that holds the Water may be of any faſhion, regular 
or irregular, it matrers not, but it muſt be furniſhed with every tenth 
or fifth Azimuth, as need ſhall be; the manner whereof in brief may be 
this, Set the Veſſel ſo upright as it muſt ſtand, when the Water 1s 1n it: 
and aſſume a Point for the South, and over againſt it (in the fame Hori- 
zontal Level ) another for the North, both oppoſite to each other in re- 
ſpect of the Point of the Gnomon, which muſt frit of all be fixed, rhar is, 
having taken one Point for the South, in the ſame level with the Point of 
che Gnomon { for to it an Horizontal Line 1s frſt to be drawn in the 
Veſſel, or elſe extended by a Thread) from that Sourh Point extend a 
Thread out-right over the Point of the Gnomon, which will find the North 
Point on the other fide of the Veſſel. Afterwards in the Horizontal Line 
(drawn round about the Veſlel, or otherwiſe repreſented with Threads 
conveniently) by help of a Paſt-board ſer upon the Gaomons top, and by 
help of the North and South Points, you may project each fifth or tenth 
Azimuth, and make marks in the ſame Horizontal Line for each of them. 
This being done, by the Semicircle, find out the Zenith Point in the Vel- 
ſel, that 15, apply the Ruler to the Gnomons Point, and holding it 
upright there, the foot of it will ſhew the Point required ; for rhe Veſ- 
(el now ſtanding ( and as it muſt be juſtly atterwards placed } 1a this 
poſture. Then Laſtly, if you lay a Thread to the Azimurthal Point, and 
ro the Apex of the Gnomon, and ſo to the oppolite Point of each C_ 
ewo 
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(two being always oppoſite one to the other, and may well go together) 
you may repoſe this Thread upon the Zenith Poinr lately found ; ſo ſhall 
tne umbrage of the Thread ſhew all along the VeſleT, where the fame 
Azimuth is to be drawn; and the ſame is to be done in all others. Or 
without Drawing or ProjeCting either, Threads may be fixed for Azi- 
muths, from the Point in the Horizontal Line to the Zenith. 

3- Theſe things being thus prepared, it is left to choice whether the 
Point of the Gnomon ſhall lie alwavs hidden in Water, or elſe tand above 
the Water. Theſe two caſes are very different, and-fo muſt be treated of 
in ſeveral, as two diſtinCt Cales. 


L. When the Gnomon # bidden all under Water. 


- 


be ſure to cover the Gnomon's Point, it matters not how, much, whe- 
r more or leſs, for both are one. Then for the Line of 12, that is al- 
ready drawn, being the ſame with the North and South Azimuth ; but 
the reſt mult be infribed by Points ſeverally fixed into cach particular A- 
zimuth ; the manner whereof may be thus: 

Upon the Planiſphere, lay the Ruler to any Azimuth (as the 6oth) from 
the South, and there ſee what degree of the Ruler (or what Altitudes) 
each Hour Circle cutteth, and write them down in a Table. 

Thus do upon every 1oth or 5th Azinth (as you ſhall think fit) mak- 
10g a Table of all thoſe Altitudes or InterſeQions. Then coming to the 
Table of Refraftors, and to each particular Altitude of the "Table, find a- 
mongft the Refrattions, how much belongs to each of them, and add the 
ſame to the Altitude (before found by the Projeftion) particularly, fo ſhall 
you have turned the direCt Altitudes into refracted ones. 

After all this, come again to the Veſlel, and wither the Semicircle infert 
cach particularRefraQted Altitude into his proper Azimuth where it belong- 
eth, ſo ſhall'yau have points in each Azimuth, for ſo many Hours as the 
ſame Azimuth is capable of, Having then theſe helps, through cach Point 
belonging (in every particular Azimuth) to the fame Hour, as ſuppoſe the 
Hour of 9, draw one continued curved Line, which muſt ſerve for the 
Hour of 9 a Clock, ſo through all the Points 1n every Azimuth, ſerving 
for 8, draw one continued Line, which mult in like manner ſerve ſor the 
Hour of 8a Clock; and fo do for all the reſt. The Horizontal Line will 
be. about 37 deg. below the Point of the Goomon; ſo much, narmciy, as 
the Horizontal Fraftion cometh unto ; and up to this Horizontal Line 
(and not any higher) muſt the curved Hour Lines be drawn. 'The Coaſts 
North and South will be oppoſite (in the Veſſel) to thoſe of the Heavens, 
in the ſame manner here as they are in other Dials. This work cannot 
- ang by 249mg. the Hours, with help of an Axis, as in other Proje- 

10ns ; for neither the Rays from the Eye can poſſibly fall upon the Wa- 
ter to projeCt in the ſame manner that the Sun Beams do (which 1n dire& 
Projections is not requiſite, but in Refracted it is) nor the projection made 
by the Sun Beams themſelves (though of the ſame Hour Circle) will be 
the ſame in faſhion, the Sug ſtanding in ſeveral poſitions to make this 
projeCtion , as in one inſtance (in a right Sphere) will ſufficiently ap- 


pear; 


| & this caſe you are not tied at all how full to make your Veſlel, only 
t 
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pear; for in a right Sphere the Axis (as all know) muſt lie parallel to 
the Horizon , or Superficies of the Water ; and the Hour of 6 will be 
the ſame with the Horizontal Line, If therefore we ſuppoſe ſuch an 
Axis in a round Spherick Concave Veſſel, full of Water, to: be laid 
from the one ſide of the Veſſel to the other, and the Sun to riſe or ſet in 
the Equino&tial which is proper to the Axis; then ſhall the Hour of 
6, or the one half of the Horizon, be projetted, dipping down (from 
each point of the Axis, proje&ted by the Parallel Rays of the Sun) ſo 
much as the Horizontal Refra&tion comes to ( about $7 deg.) whence 
it muſt follow, that this ProjeAion of the Horizon muſt dip moſt under 
the Axis in the Projected Equinoctial Circle, and nothing at all under the 
two ends of the Axis, which concur with the ſides of the Concave Veſ- 
ſel ; whence the Sun, being in the Equinoctial as we now ſuppoſe it to be, 
the Axis and Horizon, or 6 a Clock Line in around Veſlel, would appear 
thus, as in the Figure. 
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But again, If the Sun being out of the Equinoctial, as in one of the 
Tropicks, and there be 0.7 ry to riſe and ſet, then ſhall the Hori- 
zon, or Hour of 6, be projetted ſo by the Sun, as that a Ray from the 
Sun upon the middle Point of the Axis, {ſhall projet the Horizon in the 
loweſt Point ; which loweſt Point will be in the projeted Tropick , and 
not in the Equinottial, as the former ProjeQtion was. . So that now the 
Axis and the Line of 6, will appear in the ſame Veſſel, in the form of 
a 0b, whereas before it was like aeb; whence firſt +it, is evident, that an 
Axis cannot project (in all Poſitions of the Sun, to the Axis and Water) 
one ſingle Line for each Hour, as they ought to be ; and therefore that 
way by an Axis 1s 1n this work to be rejected as unſerviceable. 
Secondly, It follows alſo, that (though the Sun ſhould (by reaſon 
of infinite remoteneſs) make requiſite Lines, yet. the Eye cannot in this 
kind perform what the Sun doth ; becauſe it being always near to the 
Superficies of the Water , doth receive diſtances from ſeveral parts of 
the ſame Superficies of different quantities, great and lefler ; and fo the 
Rays paſſing from the Eye', do make ſeveral Angles of Inclination , | 
and conſequently ſeveral Refractions, which the Sun by his mens di- c 
ance 
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ſtance doth not, but is tliereby freed from it ; fo that the Hour Lines can- 
not be projected (by help of an Axis) with the Eyein the fame faſhion thar 
the Sun requires ; nor yet if they could, would they be of any uſe, as is 
betore ſaid. Thirdly, Again it follows, that a point only (and not a Line, 
or part of the Axis) is to be uſed for a Gnomon. Fourthly, That the in. 
ſcription of the Hours mult needs be done by finding certain Points, rhro 
which they are to be drawn. One way of which Protraftion is now 
delivered ; this former way ſuppoſeth the RetraQtions to be ſingle upon 
a Meridian, lying in a Horizontal level, and to be known alfo according 
to all inclinations. 


How to make the Hours cloſe right with the Horizontal Circle. 


one as if you would draw the 37 deg. Almicanter (lor about 37 deg. 
$ the Horizontal Refraftivn ; and ſo much therefore mult the Horizontal 
Circle dip under the point of the Gnomon in the Water) ſo thar I need 
fay no more of that: Then may you divide this Horizontal Circle into ſuch 
parts or degrees, as the ſpaces of an Horizontal Dial will require and into 
thoſe diviſions muſt the ends of the Hour-lines run. Alſo above this Ho- 
rizontal-line nothing needs be drawn, for it is of no uſe, the Point of the 
Gnomon will never grow higher. Likewiſe it will be moſt convenient 
to fill the Veſſel with Water up to the brim in this caſe here propound- 
ed, where the Gnomon lies hidden under Water ; and ſoalfo to make che 
brim 37 deg. (at moſt, but fewer deg. is belt) above the Point of the Gno- 
mon ; which your Semicircle will do: for by theſe means the Sun ſhall 
have free accels to the Dial ſo long as it is above the Horizon, which other- 
wiſe will not poſſibly be. 


Y a muſt firſt draw the Refratted Horizontal Circle, which is all 
1 


And here Note, that if the Refracted Altirudes be inſerted into m 
Semicircle out of my Table of Refractions in Water, and fo 
made into a Scale or Limb ; if this (I fay ) be done, then may 

ou immediately (without turning your direct Alrirude into re- 
tracted, according as is preſcribed in the precedent page) put 
in the ſame things in the ſame manner and quantity , if you 
count theſe Altitudes in your Refracted Scale (and not in the 
common limb) and accordingly do inſert them all, your Thread 
and Plummer hanging upon the Altitude taken into the ſame Scale; 
ſo will the former labour of turning one into the other be taken 
ite away. And ſo much will ferve for this firſt Caſe, when 
Gnomon is quite covered under Water. The Second follows, 


which 1s, 


Il. When 
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IL. When the Point of the Gnomon ſtands ab;ve the Water, 


1.” F *HE Gnomon being ſet, and the Veſſel fitted (as is before preſcris 

bed) with Azimuths convenient, ou mult ſet the Veſſel upright, 
according, to the felt ſame poſture that you intended it ſhould have when 
it is ficted with Water, and in that ſituation let it be tixed, til] your 
\Work be done at ti:e lealt. | | 

2. Next you are to conſider how high vou will fill jt with. Water, 
for to that Altitude you- muſt draw an exact true Horizontal line upon 
the ſides of the Veſlel, the very ſame that the edge, or Superficies of 
the Water will make when 1t 1s filled up to it : This is neceſſary to be 
done, firſt, as alſo you mult draw another Horizontal line about the 
{ides of the Veſſel, which mult be 7 equilibrio with the Point of the 
Gnomon , and this-will be ( moſt conveniently) the very cdge of the 
FYelſel, that 1» the Sun (all the time that it is above the Horizon) 
may have accels to the Gnomon's Point, and ſhew the Hour too ; both 
which cannot be, unleſs the VeſſePs brim be juſt in Equilibration with 
the Gnomon's Point. 

3. Berween this brim of the Veſlel, and the Water Horizontal Line 
is part of the Dial to be drawn by direct Projettion ; and below this, 
namely where the Water filleth up, 1s to be drawn the reſt of the Dial 
by Retracied Projection; and accordingly we are to give diſtin Rules 
tor both}, 

4. For the upper-part, it may be deliniated cither by the Horizon- 
tal Planiſphere, and the Semicurcle, or elſe *by projecting it with an 
AXIS. 


I. By the Planiſphere. 


OU may find what Altitudes are due to every Hour upon every 
Azimuth, and by the Semicircle you may put them into the right 
Azimuths, and 19 from point to point, draw the Hour lines till you 
come down to tne Water Horizontal Line; and for the upper ends 
of the Hours. ro make them fall true into the brim of the Veſſel, you 
muſt do as bciore in the former Work was done; that is, you muſt 
deicribe /{:n 12 brim or Horizontal Line of the Dial) the ſpaces of an 
Horizontal Dta!, and in thoſ2 Points or Spaces muſt the Hours begin 
to iſſue torth. So again for the lower ends of the Girect Hour” Lines , 
to tind the very points into Which they are to run upon the Water 
Horizontai Line, the Works wilt bs either harder or caiier, according 
as the Velic!, and it2nding oi the Gnomon, are Regular or Irregular — 
For 1t the Veilz! be round, and the Point of the Gnomon do itand juſt 
ia the Center oi it, then 1T will be eaſfie to do it, for then the We- 
ter Horizona: Linz 15 a true Aimicanter; and by your Semicircle you 
may know Wit Aimicanter it i5, Ir accordingly therefore you con- 
iider upon your Pianitphere how meny Cegrees cf that Almicanter arc 
comprenenied berwcen 12, and czch Hour, end inicrt the fame: ſpaces 
cr degrees into the fame Almicenter or Water Horizontal Line, thoit 
| 4 
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Points ſhall be the Terms of the Hours mito which they muſt come. 
But if the Veſſel be not Regular, or though it be, if the Situation of 
the Gnomon be not Regular to it, then ir will be difficult ; and in- 
deed ſo difficult, that it 1s not oper pretium to uſe it, T will refer it 
eo this next Projetive way of putting in this Superior part of the Hours, 
which will perform this thingheaſily. Bur by the way, after you have 
inſerted the one part of the Hour Line, by drawing itas I now ſhewed, 
you may continue it whither you will by Projection, as IT have here- 
tofore ſhewed; and ſo you may continue it cownward unto the Water 
Horizontal Line. 


IT. By Projection. 


ed, either by an Axis and Horizontal Points, or elſe by the Equi- 
noQial Points, and for theſe you need draw no Azimuths ; or elſe by Azi- 
muthal Points, put into two Azimuths, which only are neceſſary to be 
done: I need not make Repetition of it here again, So then the upper 
part of the Dial above the Water is deſcribed. 
The lower Refrated part which lies within the Water may alſo be 
done two ways ; either by the Planiſphere and Semicircle : Or elſe by Pro- 
jeQion alone. 


— HIS is done in the ſame manner that I have often heretofore ſhew- 


I. By the Planiſphere. 


EEK how much each Hour is elevated upon every ſuch Azimuth as 
is deſcribed in the Veſſel, and by your Table of Refraftions turn 
it into Refrated Altitude, as was before ſhewed; ſo theſe two Alrti- 
tudes may be called, The Firſt, The Direct, and the Latter, the Re- 
fracted Altitude. Or when you come to inert theſe by your Semicir- 
cle, for the Dire&t Altitudes you may count them upon that Limb 
which is divided into equal degrees, and the Retracte:l Altitudes you 
may inſert by that Limb which is made for Retratted Altitudes by Wa- 
ter. And fo you muſt underſtand me when I bid you to put in the Di- 
ret Altitude and the Refrated Altitude, that is, to count the ſame 
Altitude in the Direct, or equally graduated Limb, and in the Limb 
of Refrations, and fo {hall you need no Table of Retractions, becauſe 
this new inferted Limb pertorms the uſe of the ſame Table immedi- 
ately , without any turning of one Altitude into another. Both Alti- 
tudes we are here to uſe. Firſt, We ſuppoſe the Veilcl fer as it muſt 
ftand when it is filled with Water, and in this ſituation look what A- 
zimuth you mean to deal with, or into which you intend to inſert the 
Hour points, from the ſame Azimuth noted in the Water Horizontal 
Line, and in the true Horizontal Level, and juſt alſo under the Point 
of the Gnomon, which is to ſay juſt in the Zenith Line (or from the 
Azimuthal Point in the Water Horizontal Line ro, or directly towards 
the Interſe&tion of the Water Horizontal Plain with the Zecaith Liney 
{tretch a Thread, and (having firſt pur upon it a Bead that may flip up 
and down, or elſe a Slipping Knot may be put on atterwards) there 


faſten 
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faſten it. After this is done, by help of the Semicircle _— to the 
Point of the Gnomon, put upon that Thread (as being the Azimuth) 
the Dire& Altitude which you mean to inſert, and thereto ſlip the 
Knot or Bead ; then again from this Bead down unto the fame Azi- 
muth drawn upon the Veſlel ſides, ae (with your Semicircle or Ry- 
lers edge applied thereto) the Refratted Altitude, and there make a Marky 
for in that mark muſt the Hour (whoſe Altitude you now inſert) run, 
the ame Work you are to do for all the Hours and their Altitudes thas 
G thorow this Azimuth ; and the like muſt be done in other Azimuths 
Ifo for the ſame Hour Points. - Then laſtly, Having found Points for eve- 
ry Hour, you may thorow thoſe Points draw the Hour Lines, and fo finiſh 
the Dial 1n every particular. 


1. By Projedion. 


U T now the Veſſel muſt be filled up to the Water Horizontal Line; 
and be in all Points fitted as when 1t is really to ſhew the Hour of 
the Day; and being ſo prepared, you ſhall need to inſcribe no Azimuths 
at all into the Veſſzl; but as in other Projeting of Hours, ſo here do 
thus ; Make two Points for North and South, and ſet the Hour Points 
upon the Brim of the Veſſel which you take to be i» equilibrio with 
the Gnomon's Point (however put thoſe points into the Horizontal Line, 
which is iz equilbrio with the Gnomon's point; or 1f there be none 
drawn in the Veſſels, ſet Threads there round about it, as the manner of 
other Dials hath been, and into them inſert Knots or Hour points) and e- 
ret an Axis as 1n other Dials : Then projett (as you uſe to do) the Axis 
upon thoſe points, and with ſome File or Dent make a Mark where the 
point of the Gnomon is repoſed thorow the Water upon the ſide of the Veſ- 
fel which Mark ſhall ſerve for one point thorow Which to draw that ſame 
Hour. Then removing your Eye a little higher or lower, ſtill repoſe the 
Axis upon the fame Hour point, and mark again the place upon which 
the point of the Gnomon ſeems to lie ; for this alſo will be another point 
thorow which the ſame Hour is to be drawn. Thus remove the Jacs 
of your Eye ſo often, and do the ſame Work over, untill you have found 
points ſufficient to finiſh the draught of the whole Line. In the fame 
manner you muſt find points, and thorow them draw each of the other 
Hours. This kind of Work is neceſſary for that part of any Hour which 
lies under the Water ; but for the part above the Water, that is projeted 
at one view, as hath been before ſhewed ; for that not going down into 
the Water at all, is freed from Refrattion. Remember alſo that the Axis 
mult always go above the Gnomon's Point, and keep in the Air, but at 
no hand go down into the Water. To the Water it may go, and befaſt- 
ned below too in the Water ; but my meaning 15, you mult notthen pro- 
ject by that part of it which is within the Water, becauſe the Refractiog 
will deceive you. And be careful that the projecting part of the Axis (name- 
ly all that which lies above the Water) do lie at the true Elevation of your 
Pole, and that you project only by that ſame part. And thus have we 
finiſhed theſe two Caſes, which were to ſhew, How to draw Hours in a 
Veſſel of Water, where the Gnomon lies within the Water, or where it 
ſtands above ir. Now if beſides the Hours, any ſhall in theſe two Cafes, 
deſire 
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To put in the other Furniture. 


{ THEY may in brief do it thus: It muſt be remembred that all Furni- 
# ture isto be pat in by the Planiſphere and Semicircle, as I have al- 
ready ſhewed. And that ail things that way are put in by Altitudes, 
ſuch as in each kind the Planiſphere will help unto. The -very fame 
manner of Work is here again to be uſed, only inthe firſt cafe you rauſt 
altogether uſe Refrafted Altitudes, and in the latter caſe, you muſt uſe 
both Dire& and Refracted Altitudes, one after the other. 

For the firſt Caſe then it will he as eaſfie as if you were to work in 
the way heretofore taught by the Planiſphere, applying the Ruler of 
the Semicircle to the point of the Gnomon and to the Hours, only you 
mult remember to count all your Altitudes in the Refratted Lim!» of the 


Semicircle, and not in the common Limb of Equ. degrees, tecauſe 


all, both Gnomons point and Hours are under Water. And this will 
be: enough to admoniſh concerning tie firſt Caſe, where all things are 
totally refrafted: Or you may put all in by the Semicircie, project.ng 
upon the Azimuths, not Hours, as follows in the other way. Then 
again, in the ſecond Caſe, where the Work 1s partly direct and part- 
ly refratted, ſo much of your Work as 1s above Water. may be turniſh- 
ed with dire& ProjeQtion, as hath been ſhewed heretofore in the uſe of 
the Planiſphere and Semicircle. But for the other part which is below 
in the Water, there are ſeveral ways to be uled, but the bci{t will he 
to projet all upon the Azimuths that were at fir{t preſcribed to be 
drawn upon the Veſlel ſides; and fo all will be eafte, whereas other- 
wiſe they will be very hard. Having then by the Planiſphere tound 
ſuch Altitudes upon the Azimuths as are requiſite, you are then pre- 
pared to put the fame in; but it muſt be by uſing the fame way that 
was before put in praMice for the Inſcription ot tle Hours ; nameiy 
this: Let your Veſlel have no water at all in it, but yet 17 true, as 
hath been betore preſcribed. Then from any Azimuthal poi. in the 
Water Horizontal Line, to the InterſeCtion of the Water Horizontal Su- 
perficies with the Zenith Line falling from the point of the Gnemon, 
{tretch out a Thread and faſten it there, and upon 1t let He pur a {lip- 
ping Krot or Bead, Then look what- Altitudes you have to jt in /tor 
Parallels of the EquinoQtial or Almicanters, or Sections of the Ecliptick 
with the Azimuths, or any ſuch like) the ſame muit be pur 11to the 
Thread firit, by applying the Ruler ot the Semicircle to the Gnomon's 
point, and fitting it-@p, till (the fide of it alſo rouching the 'Ihread) 
the Plummer hang at the dire& Altitude ot the equal Limb, riica to 
that point of the Thread where the edge of the Ruler croſleth ir, ſlip 
your Knot and Bead, afterwards again, apply the Edge ot You. Semt- 
circle to this Knot, and keeping it itill there cloſe to it, lite 1t vp ill 
the Plummer and the end or point of it keep alſo in the Azimuth where 
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upon that Azimuth, and then go to another Azimuth, and do fo there 
too, until you have done as much as you delire. Then laſtly, thorow 
every correſpondent point draw ſuch . Lines as you require. This is the 
ſum of whar is to be done 1n this Caſe; | 


And Note here, That if it be ſo, that theh Altitudes of ſome things 
cannot be had upon the Azimuths by the Planiſphere (ſuch as 
are thoſe things that concern the motions of the Ecliptick) in ſuch 
a Caſe you may (by the Planiſphere) find in what part the Eclip- 
tick cuts any Hour Circle, as 1s ſhewed before in the uſe of the 
Planiſphere ; and thereto apply the Ruler of the Planiſphere, which 
will ſhew you in what Azimuth this ſhall happen : this Se&tion 
(I fay) of the Ecliptick with the ſame Hour. If cow . you pur 
in the ſame Azimuth into the Horizontal Line, - and proje&t 
it into the Veſſel, you ſhall find the fame point of interſe&ion 
with the Hour, and thorow that point muſt the Ecliptick Circle 
paſs. The like may be done for all the other points of Inter- 
jetion. And this you may do, without finding what Altitudes 
the Ecliptick hath upon any Azimuth ; which I believe the Pla- . 
niſphere will not do very well. Therefore in ſuch Caſes this Di- 
rettion may be ready, or elſe take that way which is adjoyned 
to this if you think not much of your labour, whereto that way 
will put you. 


This way I have given as the beſt, but I fear the Planiſphere will 
not do (as I faid) his part. I have now added the Water, to help for- 
ward the buſineſs; and that all may be the better known and under- 
ſtood at leaſt, I will add another Dire&ion here , which every one 
may refuſe or uſe at his pleaſure, as he ſhall like: And this is proye- 
Aively without the Planiſphere. "Therefore now again fill your Veſ- 
ſel with Water as full as it muſt be, and having the Axis and the Hour 
points found and placed as even now they were, you may on the pro- 
jecting ſide (that is on that ſide on which you do ſtand when you pro- 
ject ay point from the Gnomon to the Vellel, or on that ſide which 
the Sun 1s on when it caſteth his ſhadow} from ſome fuperiour poi 
of the Axis ( or from the Supreme point of the whole Axis) ſtretch 
out a Thread, and with your Eye repoſe it and the Axis and the point 
of any one Hour, all three in one; and in that ſame poſition taſte 
your Thread; this done find upon this Hour (by your Planiſphere) 
ſuch Altitudes as you require, and from the Gnomon s point inſert 
them into the new faſtned Thread by help of your Semicircle , and 
there tie Knots upon the fame Thread for Marks: Then come to pro- 
ject the ſame Knots, which is done by repoling with your Eye thoſe 
fame Knots upon the point of th? Gnomon, and in that poſition both 
theſe points will be repoſed alſo upon the ſides of the Veſſel within the 
Water. Obſerve therefore where theſe Points are repoſed by the Eye, 
and upon the Veſſel {ides (with ſome Bodkin or Dent) make a Mark; 
for that muit be the projected Point, anſwering to that upon the Thread 
from whence it was projected. In the ſame manner are the other points 
to be projected and marked, and fo you are to ceal with other Hours 
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too, only for each of them you muſt place a new 'Thread, and furniſh it 
with Knots, as before was done. This may ferve for Dire&tion in this 


way. Other ways a man may find out of himſelf as neceſſity ſhall put him 


to 1t, and therefore I will mention no niore here. 


As concerning Azimuths, it may be obſerved that they only of all other 
Circles, ſuffer no Retrattion by Water, becauſe they all ſtand per- 
pendicularly to the Superficies of it; and therefore they are already 
put in as is preſcribed in preparing the Veſſel for the reſt of the 
Work, both for Hours and other Furniture : for in both theſe their 
help is requiſite, But whea all Inſcriptions are made, if they prove 
cumberſome to the reſt of the Work, by filling it over-full ; they 
may then in ſuch Caſes be wiped out. 


The Eud of the Thirteenth TR ACT AT E. 


OF THE FIVE 


REGULA R: 


PLAI ONICK:;: 
(and of other Polybedron) | 


BODIE S 


The manner how to Cut them en Wood or Stone, 
and to Furniſh them with Sun Dials. 


__— 


The Fourteenth TRACT ATE. 


CBEST 5 


Of the Five Regular (or Platonick) Bodies. 


N this Tractate I ſhall ſhew the manner how to cut theſe Five Regu- 
lar Bodies in Stome or Wood, and what Dzals will ferve to furniſh 


each Body : With Tables of all the Requiſites and Hour Diſt ances be- 

longing to each Dial: With the Chapters in this Book which ſhews 
the making of the ſame. Alſo the deſcription of another Regular Polyhe- 
dron, or Body conſiſting of Plains of ſeveral Sorts, as Triangles, and Squares, 
intermixed : Their Declinations, Reclinations and Inclinations : All which 
Bodies I ſhall here ſhew how to deſcribe upon fine Paſtboard, in plano, the 
vacancies whereof being cut away, the Plains repreſenting the Body ſhall 
remain; and theſe being joyned together by the edges, with Glew, ſhall 
compleat the Boay, as if it were cut in Stone ; Upon each of which Plains, 
you may draw the Dal proper for the ſame, and cut Sriles of Paſtboard, 
fixing them in their due place; And by this means your fancie will be much 
informed concerning the harmony there is between the Dials of fo many 
ſeveral Plains upon one Body; as to ſec the Stiles, all of them, to be Paral- 
{el one to another, and to point direQly to either of the Poles of the World, 


SC. 


For 
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i792 Ofte HEXAEDROMN. 


For Inſtance Then : 
"HH E Five Regular (or Platonick) Bodies are, 1. The Hexaed | 
od Cabe, 2, I he Tetraeadron, , earo0z Or 


3. The Otdaedron, 4. The Doaacaedron, «5. 
The Teoſaedron: To which I ſhall Add, 6. The Canted Cube ; or Hexicoſa- 


edron, 


<——— 
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CHAP. IL 


Of the Hexaedron or Cube. 


Figure FT"HIS is a Solid Body conſiſting of fix Sides, Plains or Baſes, each 
being a Geometrical Square, and it alſo containeth Eight Solid 
Angles. 


I. How to Cut this Body. 


Need not ſpend time in giving any directions for the cutting of this 
Body in Stone or Wood, it being a Body ſo well known to all Artifi- 
cers and others; for it is no other than a Piece of Wood or Stone, cut 
exattly in the form of a Gaming Dye. 
The manner how to cut this Body out in Paſtboard is diſcovered in 
Figure IL 


| Of the'Dials that will Furniſh this Body. 


HIS Body is capable to receive Five Dials, the ſixth Side being the 
Baſe or Foot upon which the Body fſtandeth : And fo, if you ſer 
any one fide to behold the South , that Plain ſhall be capable to receive 
the South Dial and the ſide oppoſite thereunto a North Dial whoſe de- 
{ctiptions, Figures, and Table of Hour diſtances you ſhall find in TraQtate 
I. Chap. X. Fig. II. and II. 

The other two Sides ſhall be capable to receive, one an Eaſt, and the 
other a Weſt Dial, The Deſcriptions, Makings and Figures , are deſcrj- 

] bed in TraQtate I. Chap. XI. Fig. IV and V. , 
; The Uppermoſt Plain will be capable to receive a Vertical or Horizontal 
6 Dial, whoſe Deſcription, making and Table of Hour diſtances you ſhall 
| find in TraQtateI. Chap. IX. Fig. I. So that I {hall need to ſay nothing 
more of them in this Place—Thus if you will ſet one of the Sides of the 
Cabe to behold the South ; But-----If you will have one of the Angles of 
the Cabe to look towards the South : Then the 12 a Clock Hour line of 
the Horizontal Dial muſt be drawn on the uppermoſt Plain from Angle to 
| Angle: And then will the four upright Plains be North and South Decliners 
towards the Eaſt and Welt 45 deg. which Dials muſt be made by the di- 
3 reCtions and cautions given in Tractate I. Chap. XII and XIII. and Fig. VI. 
| Bur becauſe the Examples and Tables in the XII and XIIL. Chapters are 
| not made for North and South Plains declining 45 deg. (as theſe belong- 
| ing to this Body do,) but for 3o deg.and 35 deg. I ſhall therefore here in- 
ſert a Table of the Requiſite Hours, and half Howrs diſtances belonging to 
; North and South Plains declining 45 deg. ſuitable for this Body. 


South 
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{ |Sonth and North declining. 48* . o0® 
| [Height of the Pole or Sti 26 , 06 
Deflection. 29 ., 20 
Plaiz's Diff. of Longitude. « -. v 
|. |Subſtile | 04 oon| | |Sabſtile\;, of oon 
13 350%) [S| tar | 5.955 
K- half 68 28] [318 4| 38 34 
» [10 21106 3| |&| half | 6 y 59 
= | half 4 571] [=|7 $109 36 
< 11 I}j}1 S 18 : half I4 S 33 
| half |23 5'20 S|6 6119S © 
S$| 12-|298 20] || half [24g 9 
E| half [365 42| |& 7130 & 19 
VE |: 145% 57] |Y half 375 $55 
SE] half [57A ai|'| 5 47% 30 
> |2 10 Hb S | half |57 5 38 
RS | half [8837 46] |E]3 9174] 31 


The Figure of this Body as a Solid, is deſcribed in Figure I. and as it may 
be cut out in Paſtboard alſo. In which | 


-A An Horizontal Dial. 
' Bis to have | A South Dial. It you ſet one 
'The PlainC ! upon it } A North Dial of the ſides to be- 


D An Eaſt Dial. hold the Soxth: 
E A Welt Dial. | 
F The Baſe or Foot. 

But if one of the Angles behold the South : then, 
A | An Horizontal Dial. 
B A South Dial declining Eaft 45d. 


. C | is to have } A North Dial declining Weſt 45 
The Flaing upon it {} A North Dial declining Eaft 45 


E A South Dial declining Weſt 45 
F The Foot or Baſe. 

CH AP. IIL 

Of the Tetraedron. 


H E Tetraedror is a Solid Body, containing four Baſes, and four Solid 
Angles, each Baſe or Plain being an Equilateral Triawgle. 


I. How to Cut this Body in Wood or Stone. 


\N any Rough piece of Stone or Timber, make one ſide Plain and 
Flat ; upon which I deſcribe an Equilateral Triangle fo large as the 
Plain is capable of: Then ſet a Level, (or cut a Templet in Wood) to 
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70 deg. 31 rhin. 42 ſec. And Plain another ſide of the Piece to fit both 
the other ſid and the Level, making his Second ſide as the former. Then 
cutting away the reſidue of the Wood or Stone, and planing the Plaigs 
even by the S$troaks or Marks, you ſhall have conſtituted the Tetraedror 
required. | | 

he Figure of this Body, as it is a Solid, and alfo as it is to be delinca- 
ted upon Paſte-board, you have in Fig, II. 


II. Of the Dials that will furniſh this Body. 
M's. E any of the Sides the Baſe, as G in Fig. II. then will the other 
7 


three Plains each of them Recline 19 des. 28 min. 16 ſec. And if 

e Angle at 4 be ſet towards the South ; the Plain F will be a dire& 
North Plain, Reclining: as before; and the Dial will be made by the di- 
refions in Tra&. I. Chap. XVI. Fig. XIV. 

The other two Plains will be capable of rwo other Dials, viz. K will be 
capable of a- South Dial declining Eaſt, and C of a South Dial decli- 
ning Weſt 60 deg. and Reclining 19deg. 28 min. 16 ſec. One Dial will 
ſerve for both theſe Plains, and are to be made according to the direQions 
and Figure —_—_— the ſecond Variety, in TraQate I. Chapter XVIT. 


and Figure XVIII. The Requiſites and Hour diſtances belonging to which 
Dials are in the Tables following. 


- per ——_— 
North Re. 19. 28. South Reclining. 19, 2$. 
Stiles h: ? | [Declining Eaſt and Weſt y Ap 
—] [Diſt. between Merid. and Hori.-----60 . 
Vx [Arch between Plain and Zenith 35. 
Q {Heighr of the Stile I . 50. 
. eflettion | 2.36.56 
D [Differ. of Longitude. 54-46-43 
O = Sebſtile o04% oom V Sabſtile 100? 00” 
* half | 0 4] |S|8 4þ0 £10 
L Aa 19 ; 0.819 Z| half | o 825 
6: 0 
Dn & | halt | og35] |&17 $] © 241 
V i 10 2 o= C2 z half o = 586 
o S | half | 1 Sto] | S16 6] 1 618 
I Six 21| 1832 ko half | x $42 
D S | half | 22 of |8|5  7|2 813 
_ Q 12 2& 37 == half 2 &55 
7 | half | zVzi] |=[4 8] 4% o 
S4y-: 09 3 of |= | halt | 5 556 
S | half Tb 8] [S|[3 . 9|ſto 2716 
8 2 10119 26 | 'V halt 29 2 
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CHAP. IV. 


Of the Oazedron. 


HE OZaearon is a Solid Body containing eight Baſes and fax Solid Firare 
Angles; each Baſe or Plain, being an Equilateral Triangle. itt. 


I. How to Cut this Body in Wood or Stone. 


Rovide a Paralellipipedon (or Long Cube) If the breadth both ways be 
P 1000. let the Length be 1.414: Or if the Length be 500000, the 
readth both ways muſt be 3-535 53: >quare the Piece to theſe Meaſures 
ExaGtly, and divide the _ and Breadth juſt in the middle; then draw 
Lines both ways at all the fix Sides; and alſo the Diagonal Line from the 
midſt of the Length to the midſt of the Breadth : Then cutting away the 
Waſte by theſe Diagonal Lines, and the OFazdron will be finiſhed. The 
Figure of this Body as it 1s a Solid, and allo as it is to be cut out in Paſte- 
board you have in Fig, III. 


IT. Of the Dials that will Furniſh this Body. 


H E Body being thus prepared, Let the Angle of that which you ſet 
for the Horizontal Plain, be towards the South ; and then the ame 
Dials which furniſhed the Tetreedron will ſerve this Body alſo : For one ſhall 
be a South Inclining, and his oppoſite a North Reclining 19 deg. 28 mug. 16 
ſec. And the two South declining 60 deg. and reclining as before , will 
have their oppoſite NorthDeclining and Inclining as much ; So the Diaks and 
Requiſites being the fame as in the foregoing Tables, it were needleds bere 
again to repeat them. 
So in Figure III. If you ſet the Angle + of the Horizontal Plain P to be- 
hold the South: 'Then, POR X 
S South Plain Inclinin EP 
M « {North Plain Reclining 194 25! 16 
O 


The Plain Q ſ {ar cock, Veſt -6odand ws: 6 23.16 


South declin. Weſt 


i'R North declin. Weſt Figere 
2 #7 % 6 aw 
Of the Dodecaedron. 


T H FE Dodeceedron is a Solid Body conſiſting of twelve Sides, and twen- 
ty Solid Angles, each Baſe being an Equilateral Pentagon. 


I, How 
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Of the DODECAEDRON. 


I. How to Cut this Body in Wood or Stone, 


FT ake a Piece of Round Stone or Timber, and if you make the Dia- 


meter thereof to be 100000, then the length thereotmuſt be 0.81005, 
Or the proportion of the Diameter to the length of the Cylinder, muſt be, 
as 4.906 to 3.973 : This Piece being now a perfect Cylinder, exaQtly Turn 
ed, and the ends Plained : divide the Circumference of the two ends into 
10 equal Parts, and by theſe Diviſions draw Perpendicular Lines from Di- 
viſion to diviſion at either end, along the Cylinder, Hewing or Planing 
away all the Stone or Timber that 1s between Lineand Line; fo will your 
Piece be a Solid of 10 equal Sides. | 

Then making the whole Diameter of the Circle at that end of your 
Cylinder to be 1.000. take 0.309 of thoſe Parts in a pair of Compaſſes, 
and with that diſtance on the Centers at each end of your Piece, deſcribe 
two Circles ; and if from Angle to Angle, (each to his oppoſites) of your 
ten ſided Figures at each end, you draw Lines, thole Lines ſhall give you 
Points upon the two little Circles whereby to deſcribe two Pextagons, 
which will be two of your Pertaponal Plains, Equal and Parallel to each 
other. 

Theſe two ſides or Plains thus prepared ; for the other 10 Plains do 
thus: Divide the length of your Cylinder into 1.0000 equal Parts, and take 
out of them 0.3821, which diſtance fer from the two ends of the Piece, 
upon the 10 Angles of the Piece ; and draw Lines from Point to Point 
round about the Piece ; ſo will there remain (of the length of the Cy- 
linder) between theſe two Lines drawn about 0.2358 parts of the former 
7.0000. - Laſtly, Lines drawn Diagonally upon all the 10 ſides of the 
Piece will direct you what to cut away, and to compleat _ Body : The 
exatneſs whereot you may examine by cutting of a Bevel or Templet to 
an Angle of 116 deg. 33'min. 54 ſec. 

-» The Figure of this Body as a Sohid ; and alſo how to be deſcribed upon 
Paſtcboard you have in Fig. IV. 


Il. Of the Dialls which will furniſh this Body. 


HIS Body conſiſting of 12 Plains, hath one of them for its Baſe, and 

the oppoſite Plain thereto will be capable to receive-an Horizontal 

Dial, as the Plain P in Figure IV. Then it you will ſet the Angle ©, of 

the Plain P, to behold the South, Then {hall there be about that Horizon- 

tal Plain five other Superiour Plains namely the Plains TVWXandY, 

each of them Reclining 26 deg. 33 min. 54 ſec. and oppoſite to them five 

nferiour Plains, namely, Z #. A BC inclining as much, namely 26 deg. 

3 min. 54 ſec——The Angle © of the Horizontal Plain P, being ſet to 
behold the South as aforeſaid, And then, 


; SIP BARTER R_ 
T South declin. Ea 

The Plaine V - South declio. Welt 36 andre, 6 
Y 3 CNorth declin. Baſt $72 420d reclin, 33 » 33 » 54 


And 


Of the DODECAEDRON. 
And the hive inferior Plains Z X# A BC oppoſite to theſe Superiour Plains 
ſhall Incline and Decline anſwerable to the five Superior ; ſo that the ſamt 


Dials will ſerve tor both Faces, the Requiſites belonging to them with the 
true Hour diſtances, are exhibited in the three following Tables. 
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N. Re. 261 io a : : 
S_ Incl. "35 +24 North Recl. 264. and Decl. 724. 
Stiles h. 65. 1.54 Arch of the Plain between —} F 4 
= ridian and Horizon. tas 
4-24; 17 ” [A. of the Me. betw. Pl. and Zenith. 58. 16. 57 
halt | 6 .=4 The height of the Pole or Stile 31.28. 20 
<|* 11113239] |DefleQtion 82. 4.4 
£ ow 278 2 Difter. of Longitude. 85.50.41 
S | balf |34 $49 Subſt ile [oof oonl | | Subſtile [oof OO 
[>3 9142 B12] | 6 6] 2 g10 half | 1.942 
& | half [49 Sar] f=|} half | 6X gf Jas 7] 5543 
L 8157830] 7, $[10v17] |=| half | 9 e4g9 
S | half [65 Boo| [| half [14qZai] |2#]4 814812 
D's 7173 £32] [818 419839] || half |18 848 
| half [81 544 > | half |24 g55 = [3 9124 $.248 
[6 6[go oo| ſ&|[9 3|/3i18& 7||S| half ho g25 
SAR HTIs 327 — [NS] half 38826] |S|2. 10 37 839 
S ſx 2147D 9 S | half [460 
TJ | half |57 535] || 212156 522 
11 TI69Þ51 half 168 5 26 
_half |83 37] | | x2 8s 5 
South De. 264. 33' 54'' Re, 364 o o' 
The Ar. ofthePl. berweeny ,, 
the Mer. and the Hor. &7 F—— 
{ | The At. bet. PlL.and Ze. ue 2. 
The height of the Stile. x. a6- $8 
Deflection. 3.26 
Plain's Difference of Longit. zz $53 4o | 
L |Sabſtile | 004 od & | Sabſtile | 004- 00, 
[=|1o 2100.8 11 | |S| half 0d.834| 
2 | half JooS 57] |5 3]o1£20 
ſz |iz Toto 44] |&| half | 2 $og 
. half Joz& 36] [18 4] 3803 
S| 12 [03 S 34 S | half | 4 S 06 , 
S| half [o4 541 |. | S[7 $1953 521] 
Sx 2T1J068 06] | >|. half 06 g 56. 
ES | half Joy $57] |E&]6 6109 507. 
T2 1ojioZ 36| || half [1226 
S| half [149 53 T 5 18V13 
|E|3 9[23 3 15] |S| half |31 Sog 
D|_ half 14597 321 [B14 71241] 
P, Y YYY GHAP, 
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CHAP. VI. 
Of the Icoſgedron. T7 


Fi word e HE Lcoſaedron i is a Solid Body conſiſtin of 20 Equal Sides, of 
Baſes, and 12 Solid Angles; each Baſe being an Equilateral "Tr 


angle. 


I. How to cut this Body in Wood or Stone. 


epare a Round Biece of Stone or Timber, and if you make the Di- 
ameter” thereof to'be 1.0000, Jet _—__ thereof be 0.8075, or in 
terms, .if the Diameter be 4910, let the length be 3974. .L Ai- 
vide the ends of the Cylinder into 6 equal Parts, making the two ends, 
. two Hexagons or figures of 6 equal des drawing lines down the ſides, 
and Plaining awa te Reſidue between Line and Line. Then making 
oobthe EEmer midiameter, now to be 1.000, take 616 of thoſe Party, 
4 on the two Centers at each end of the Piece, deſcribe two _ 
&,and by drawing Lines from each oppoſite Point of the ſix {ided f 
you ſhall have Points in the ſmaller Circle whereby to draw two == 


Fa for' two Baſes or Fas of your Body, Equal and Parallel to each 


' Then making the length of the Piece to be 1.000, ſet .379 and .o 
upon the edges of the Piece from each end, and by thoſe Points draw = 
round the Piece, Laſtly, Diagonal lines bei wn round the Piece, 
from Point to Line; and from to Point; ſhall dire& you how to cut 
the Body at x2 Cuts. And if you cut 2 Bevel or Temple toan Angle of 
138 deg. xx min. 23 ſec. You Lew examine the truth of your Body when 
it is thus Finiſhed. 

The Figure of this Body as a Solid, as alſo how to deſcribe it upon Paſte- 
board, you have in Fig; V. 


IL. TY the Dials which will furniſh this Body. 


et of 20 Plains, of which one being made the Foot 
_ Plain will be ca to receive an Horizontal 
T ED? d if you ſet any Angle thereof asthat marked with 
F$to behold the - then, the Reg _ es and Howr Diftances belonging 
to all the reſt of = ot will be *q as the ſeveral Tables: following 
- do cxlubite. 


I. For 


Of the ICOSAEDRON. 
L. For the North Plain G. Reclining 4.8 deg. 11 min. 22 ſec. 


* 


| North Re. 436 IT 23") 
| Stiles h. 86 3g 23 
- T2 
, | half 
& .: IT 
| half 
12' 10 
half 
3 9 
| half 
" 1 _ 
half 
FW 4 
half 
[- 16 6 
- — _ - > ———————_—— 
South Re. E F . 11 23” | South Rec. HL 2gd 29 167 
Declini Oo 00 Oo Declin. | 22 14 29 
The Arch ofthe Ark of the” Main 
PI, bet ween the >37 45. 41 between the Mer p>82 14 19 
Merid. and Hor. | Jand Horizon, 
The Arch of the | Arch of the Mer. | 
M. between-the >65 54 a9 between the P.and >20 $4 18 
Stiles Height States Height 6s 22 19 
ti I 
Defleet | | Deflettion - 6 26 34 
Dif. of Longit. 38 | Di of Longit., 21 49 56 
| for uf 2x4 $60 
half 07 | 


27 


th a th + 4 


Hours from the Subftile, 


: Hours from the Sabſtile. 
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| North Re-K.Lo\, 19d 28 19], [None Rec ING tgd 29) 10/| 
| Dediininge. andW.82* 14 19 Declia. 19 28: 16 
The Arch of the | © Ark of the Plain 

Pl, between the />22 14 19 } | hetween the Mer p75 31 11 
Merid. and Hor. : and Horizon. 

The Arch of the 4 arch of the Mer. 

M. between the 69  ©5 41 between the P.and "24 $o 41 
Pl. and the Ze. \ Zenith. 

Stiles Height 19 $3 19 1 tiles Height 46 26 21 
Deflettion 71- 17 ©o Defledion. - 48 ©2 wy 
Diff. of Longit. 33- 25 34 | | (oy of Longit. 56 54 32 


wa half 004 I 9. 1 half | Y .' om 
$98 


Hours from the Subſtile. - 
00 
þ» 
[2V] 
ce 
> 


— 


Hours from the Subſtile. 


QA 

QA 
0» 
A 


half 183 $5 


[ Do 0h 


Thus hive you all the Requiſites and Hour Diſtances belonging to the 
Ten Superiour or R lains noted with EFGHIKL , the 
which will alſo ſerve for the Nine inferiour or Inclining Plaigs: By ob- 
ſerving the direftions given in TreFate I. Chap. 


- Þ* 


>Its Incliner | - 
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CHAP. VII 
Of *a Regular Polyhedron, called the Canted Cube. 


HIS Body conſiſts of which 26 Plains, of 16 are Geometrical 
Squares, and 8 are Equilateral Triangles, the fides of both 


%. being equal, | 
I. To Cut this Body in Wood or Stone: 


Repare a Parallelip;pedon, or Long Cube - and if you make the ſide of 
the Square at the End to be gooo, the length of the depth of the 


piece muſt be 7244: Then divide the ſides of the Squares -at each end = 


of the Piece into 3 equal Parts, fo will each of them contain 3ooo Parts, 
and from the ends of theſe lines, draw lines down the ſides of the Piece, 
Then take 2122 of thofe Parts, and ſet them upon all the fide lines frorh 
both ends, gageing lines round about the Piece ; ſo ſhall you have lines 
to dire(t you to cut the Body at 8 Cuts: called, 


Icoſahexaedron or Hexicoſaedron: 


II. Of the Dials proper for this Body. 


Eſigning the Square Plain for the Horizontal Dial, and ſetting any of 
the Angles thereof, as that marked with 2, to behold the South, 
then will the four apgour Triangular Plains BCD and E anſwer 

t 


to the four Cardinal Points of the Horizon, namely to the Ezft, Weſt, North 


and South Points, and all of them will Recline 35 deg. And the four in- 


feriour Triangular Plains F GH and K will Incline as much, and fo 


BY... South T1; 7 0Þs 
© Ewill be a diret4 un Trial Reclining 35 deg, 


The Plain 
till be a dire $Noore, LDial Reclining 35 deg. 


- The four inferior Triangular Plains FG H K, will be Eaſt, Weſt, North 
and South Incliners 35 deg. and the Dials of the Recliners will ſerve 


for the Incliners. | 
The four Superiour Square Plains L MN and O, will be Recliners Decli- 


ning ; For each of them do Recline 45 deg. and Decline as much, 


MY South declining | 

i T7: A . CWeſt 
The Plain T, will be a Eaſt 45 degrees 

O N orth declining z- 
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Of teCANTED CUBE. 

The Four inferiour Square Plains Y Z A Þ will be South-Eaſt, Southi- 
Weſt; North-Eaſt ,'and North-Weſt ; Declining 45 deg. and Inclining; 
45 deg. alſo, and the Dials for the Superior or Recliners will ſerve for their 
oppoſite Incliners alſo: | EE 
: - The other Eight Square Plains PQRSTY W X, are all Ere& Plains, 
And of them, | | 


P South | 

The Plain Is an EreCt Dirett. Pyry Plain 

Fa, Weſt \ 

PEST | 
T3 ward 

The Plain V ( 1s an Ere& Plain de- South CR, A 
SW clining from the North Faſtward £45 CEgrees. 

X "ou Weſtward 


| And thys have- you 25 Dials upon one Body, beſides the Baſe, and in 
theſe you have Examples of all ſorts of Dials, viz. | 


—_" Lone 5 

rect Declinin : ; 

Or. Dire&t Reclining, and Inclining Plains, 
D li . 8 R - l; - g ] In I; ng = 


1 coſaedron ? 
D \ / H L 


Fg: F... 
'\ # 
V VN Baſe \z/ 
Poliedron Fa 
[x AMA. | 
[s|v{e|T|R[W|Q[X 
AVFICA-AN: 
= | 


n—_ 


At the end of the 14. UL Tractate to fold out. 


SUPPLEMENT 


EXPLICATION 


Pyramidical DIAL, 


Which was ſet up in the 


KinGs MaJEesTrYs Privy Garden 


WHITE-HALL; 


mm, 


A General Deſcription of the ſeveral Parts, of which 
the Pyramud (or Body) was compoſed. 


T's Dial ſtanding on a Pillar or Pedeſtal of Stone, conſiſts 


chiefly of Six Parts or Pieces, one leſs than another, and 
placed one above another in Form of a Pjramw, as in the 


of the Firſt Ptece. 


HE firſt and largeſt of theſe Six Pieces, isa Round Table of about 

40 Inches in Diameter, and ſome 8 or 9 Inches in Thickneſs : 

The Edge whereof is cut into 20 equal Plains, which being made 

- hotlow like ſo many Boxes of an Inch deep, are covered each of them with 


a clear Poliſhed Glaſs ; znd on the in-fide of each Glaſs is deſcribeda Dial ; 
| | whereof 
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The DT A L Deſcribed. 


whereof ſome of them ſhew the Hour according to the Ancient or Jews 
manner” of apy be Hours : Others according to the counting uſed by 


the Babylonians : Others according tothe Iralians : Others according tothe 
way of counting uſed by Aſtronomers: And laſtly others ſhew what Hour 
It is according to our uſual and ordinary way of counting the Hour uſed in 
moſt parts of Emrope. Theſe 2o Dials thus deſcribed on the Edge of this 
Table or Firſt Piece, are, all Vertical Declining Dials ; whoſe Stile or 
Gnomonis either a Lions Paw, or Unicorns Horn, or ſuch like, relating to 
His Majeſty's: Arms, and painted on the bottom of the Box. 

Moreover upon the upper Part of this Table, are placed Eight Reclin- 
ing Dials, all made hollow, and covered with Poliſhed Glaſs like the 
former, but differ chiefly in this ; that they ſhew only the uſual Hour in 
different ways : One of them ſhewing the Hour by the Shade of the Stile 
falling upon the Hour-Lines : Another by the Shade of the Hour-Lines 
falling = the Stile : A Third without any Shadeeither of Hour-Lines or 
Stile, &c. 

Upon this Piece. ſtand alſo 4 Globes, cut into ſeveral Panes : Upon one 
of which Globes are deſcribed ſeveral Dials belonging to Geography : On 
another, Dials belonging to Aſtronomy : the Third Dials ſhewing ſeve. 
ral things appertaining to Aſtrology , as what Planet Reigns every Hour : - 
The Horoſcope, Aſpe&of the Sun with the Stars, &c. 

There are alſo belonging to this Piece, and ifluing out of the Sides 
thereof towards the Eaſt, Welt, North, and South, Four Iron Branches 


ſupporting each of them a Glaſs Boul which ſhew the Hour in Four dif- 
ferent ways. 


Of the Second Piece. 


TP H E Second Piece of the Pyramis is alſo a Round Table, almoſt 


like the former, but ſomewhat leſs, having only 3o Inches in Dia- 
meter. It ſtands upon the Firſt, held up by Four Iron Suppor- 
ters. The Edge or Circumterence of this Table 1s cut into 16 Equal Plains, 
all made hollow, and covered with Glaſs, like thoſe of the Firſt Table. 
But they differ from them in this, that here the Dials are not deſcribed on 
the Glaſs Covers, but on the bottom of the Boxes : Neither do they ſhew 
the Hour but the different Riſfings of the moſt remarkable Stars, accord- 
ing to the three manner of _ obſerved by Aſtronomers, . Viz. Coſ- 
mical, the Acronycal, and the Heliacal Riſing. The Style to theſe Dials is a 
little Star painted upon the Inſide of the Glats Cover, the better to keep it 
from the weather. 

*Out of the Sides of this Piece iſſue out Four Branches towards the Eaſt, 
Weſt, North, and South, and carry on each of them a Glaſs Boul to ſhew 
the Hour, like thoſe of the Firſt Piece, but in a difterent way. For one of 
them ſhews the Hour by a Style without a Shadow, another ſhews it by a 
Shadow without -a Style, &c. whereas thoſe of the Firſt Table ſhew it 
by the Four Elements, Fire, Air, Water, Earth. 

On the upper part of this Table are p:aced Eight Reclining Planes, 
Four whereot are covered each of them with a Plate of Looking Glaſs, 
on which the Hour Lines, or Style of the Dial, being painted, are Re- 


fected upon the bottom Inclining Plains, of the Third Piece, and there 
ſhew the Hour. 


Other 


The DI AL Adeſeribed. 
Other Four have all Dials upon them, which are to be ſeen each of 


them in a Looking Glaſs placed upon the ſaid bottom Inclining Plains, of 
the 'T hird Piece, 


\ Of the Third Piece. 


H E Third” Piece of this Pyramidical Dn 5 a great hollow Globe, 


of about 24 Inches in Diameter, and is placed immediately with- 
out any Supporter upon the ſecond Piece. The Superficies' of this Globe 
is cut into 26 Plains, two whereof being OZogons, ſerve for top and bot- 
tom ; the reſt are divided into 8 equal Reclining Plains, 8 equal Inclining 
Plains, and 8 equal Vertical or Upright Plains. Theſe Plains are all of 
them made hollow, like thoſe of rhe firſt and ſecond Piece. The Incliners 
are not covered with Glaſs, but left open, that they may the better re- 
ceive and ſhew the Dials RefleQted from the ſecond Piece. 
Two of the 8 Upright Plains looking towards the North, have no 
bottoms, but are covered only with clear Glaſs, as ſerving only for 
Windows to look into the Globe, and behold there the Dials Aeſeribed on 
the Globe, which are ſeen as well without the ſame, as within. The 
other 6 have not only each of them a cover of- clear poliſhed Glaſs, 
with a Dial deſcribed thereon, like thoſe of the firſt Piece, but have al- 
ſoa Glaſs for their bottom, which Glaſs is thinly painted over with White 
Colour , to the end the ſhade of the Hour Lines , drawn upon the 
Cover, may be ſeen as well within the Globe' as without. On theſe 
bottom Glaſſes are drawn ſeveral PiQtures, holding either a Scepter or a 
CO or the like ; the end, whereof potnts the Hour you look 
or. | 
Two alſo of the Recliners looking towards the North, have only a 
Glaſs Cover, ſerving for a Window to look into the Globe. The other 
6 have a double Glaſs, like the former. Their Dials are ſome drawn 
upon the Cover, others upon the bottom, but all ſo contrived, that 
the Hour cannot be known by them, but only by looking within the 
Globe. 
Moreover, From the top of this Globe iſſue 4 Iron Branches towards 
the four of the World, each of them carrying a Glaſs Bowl, pro- 
rtionably leſs than thoſe of the firſt and ſecond Piece ; on which 
| Bow! are alſo Dials deſcribed, bur different from the former , ſhewing the 
Hour according to the ſeveral ways of counting the Hours. Theſe Bowls 
are painted on the inſide with thick Colour, to keep out the Light, ex- 
cept a little place which is left clear, like a Star , tor the Suns Bea 
ro paſs thorow and ſhew the Hour, and the placs alſo where the Hour 
Linesare drawn, only painted on the outſide thinly with White Colour, 
that the light of the Sun paſſing thorow, the ſaid Star may be ſeen and 
ſhew the Hour. 
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of the Fourth Paece. ; 


| | H E Fourth Peice ſtanding on the aforeſaid Globe, and . held up by 


the four Iron Supporters, ike to thoſe which hold up the ſecond 
piece, but proportionably leſs, is alſo a Round Table of about 20 inches 
Diameter, and 6 in thickneſs. Theedge of this Table is cut into 12 e-. 
qual Superficics, not plain as heretofore, but concave like ſo many ovn- 
cave Semi-Cylinders ; on each of which is deſcribed a Dial, which ſhews 
the uſual Hour by the ſhade of a Flower de Lace, fixed at the top of each 
Semi- Cylinder. | | 
From the 'top of this Table iſſue forth four Iron Branches carrying each 
a Glaſs Bowl, uſt like thoſe of the Firſt, Second, and Third Piece, though 
proportionably lefs. The Dial deſcribed on theſe Glaſs Bowls, differ from . 
thoſe of. the Third Piece, not only becauſe they ſhew only the uſual 
Hour, but alſo becauſe here the Hour Lines are all left clear for the Suns 
Beams to paſs through ; that by ſo paſſing they may exhibite the like Dial 
on the oppoſite ſide of the Bowl ; which ſide is forthat purpoſe thinly paint- 
ed over with White Colour, that the faid Hours may be ſeen, and ſhew 


their Hour by their paſſing over a little Star, painted in the middle there- 
of. 


Of the Fifth Piece. 


HE Fifth Piece ſtanding upon the Fourth, and held up alſo by 

four Iron Supporters, 1s a Globe of about. four Inches Diameter, 

whoſe Superficies is cut into Fifteen Plains, eight whereof are Triangles 

Equal and Equilaterial ; the other {mxare Equal Squares. "The Dials de- 

ſcribed on theſe Plains ſhew only the ufaul Hour, by the ſhade of a Flower de 
Lace, faſtned to the top or bottom of each Plain. 


Of the la$t or bigheſt Piece. 


"T "His higheſt Piece or top of the Pyramid,is a Glaſs Bowl of fome ſeven 

Inches Diameter, ſtanding a foot of Iron placed on the mid- 
dle of the Fifth piece. "The North fide of this Bowl is thinly painted over 
with White Colour, that the ſhade of a little Golden Ball , that is 
placed in the middleof the Bowl, may be ſeen to paſs over the Hour 
Lines, which are drawn upon the ſaid - White Colour, and note the Hour. 
The Bowl is included between two Circles of Tron guilded, with a croſs 


on the top. And thus much concermingthis' Pyramidical Dial in general. 
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I. Of the Twenty Vertical Dials deſcribed on the firſt Piece; * | 


Four Harp with a 2 hatew x monk 

#boſe y "Jeter @ Baby Gabon Lines drag Top the Flower de 

Dials Y\Flotver de Luce Now of Fro 4 Mr emomited ea Luce. 

have a Unicorn , Glaſs 5: rein Unicorns Horn, 
Lion alſo ſhew the {Common Youre” * Clin Paw, 


II. Of the Eight Reclining Dials, ſtanding upon the Fir#t Piece. | 
Theſe four Recliners which ſtand apon th Soul part, 
| | the Stile FRE over the Hoar Lines. 


Fir# Both by the Shadow of the Hour Lines paſſing 
Th Second ( Shews the | over the Stile. 
*YThird ( hour 
Fourth 


By the ſhadow of the Stile paſſing over the 
| Hour Ling, the Hour Lines over the Stile, 
| Without ſhade either of Stile or Hoars. 


Thoſe four Recliners ſtanding on the North part, 


Second ( Tou ſee the Stile but no Hour Lines. 
Third CTou ſee neither Stile hor Hour Lines. 


Fir Toa ſee the Hour Lines, but no Stile. 
In ” 
Fourth You ſee both Hours and Stile. 


III. Of the four Glaſs Bowls which ftand upon the Fir$ Piece. 


Theſe four Bowls ſhew the common Hours by four differetrt ways : viz. 


By applyi Finger to the Meridians. 
Fir# H) x: © Ros of wy 
econd 
nr 1 Þ 
Foarth 


Fire 
ater 
ir 


Earth 


the San paſſing rhroagh the 
"W ater. 


By two Objes made in the Globe, and | repoſing 


By « Tere Ghobe deſcribed upon the Bowl. 


IV. Of 


The D:L A L deſcribed. 
IV: We ' the four great Globes NT. on the. Firſt Piece. 


Ach: Globe- conſiſteth of 32 Plains, of ,which 20: are. aoliteral 

Triangles,”arid 12 Regular Penta ons; the Triangles are & Plains, 

and ſome 'of'the Pentagons alſo, and the Stiles of theſe Dials are a ſharp 
pointed Iron, perpendicularly erected. | 


Of theſe Dials deſcribed on the Fir#t G lobe, 


\ 


It is time of Riſing or 6 a Clock, 


. i, .NIt is time Dining or Mid-da 
Some ſhew in what er, jime or 6 a Clock. P 


It ts S 
pars of the World Y,, ©” Me ht or 12 a Clock. 
v3 | The San 'ts tn the br Jon 


The Dials1 upon the 20 o Trigigle ſhew with Clock jt is in diy other 
Countrys in'the World. 


| Of the Dials drawn upon the $ econd Globe, ſhew . ** 


The Azimuth or diſtance of the Sun from the S outh: FRI 
F.-I0 The Almicanter or degrees of porn ly 
ome of he Suns Rifi 
them «4 
(Ft Suns Setting. 


The Amplitude or diſtance of. riſing from the Eaſt or Wet. 
The Df of the Month, $4 | <7 4 


Of the Dials . deſcribed upon the Third Globe. 


\ This, Globe conſiſterh of 20 Equilateral Triangles, ſome whereof are 
made hollow like Cones, the reſt left Plain, 


CIS THE \ Begins to Riſe. | Þ 


FIM2 | Begins to Set. 
bes 290 " FY, Bagine to paſs the Meridian. 
the ſhadow? ftellation. d Is juſt Eait or Wet. | 
4 » Stile Is in our Zenith. 
of the Sts Wl: ill be juit Eait or Wett at 8 at Night. 
Will be 1git South at- 8 at s New. 


The DIAL deſcribed. 
of the Dials upon the Fourth Globe. 
This Globe (as the former) conſiſts of 20 Equilateral Triangles ; and 


i he Dials deſcribed upon them, | | | 


" [What Sine is aſcending. 
What Sine i culminating. 
Shew by |What Sine s' deſcending. 
the Shadows In which of the 12 Houſes the \Sun is. 
of the Stite | What Planet Reigneth any day o the Week. 
; | What fixed Stars are in Conjunition with the Sun. 
What Aſpett the San hath to fixed Stars. 


V. Of the Dials on the edge of the Second Piece. 
The Dials deſcribed upon the edge of this Second Piece, 


Coſmical > _ | TIT 
Shew the Achronical CN iſing and Setting of the fixed Stars. 
Heliacal | 


VI. Of the 8 Refle&ed Dials, placed on the top of the 
ſecond Table. 


HE Dials made upon the top of this ſecond Table, being high and 
above the Eye, are made by* RefleCtion; for the Dials drawn 
upon the Inclining Plain, the Stile being a Flower de Lace, painted 

upon the Looking-glaſs, placed on the Table, appears not, but only the 
ſhadow thereof appears, which being Reflefted upon the Hour Lines, 
drawn on the bottom of the Globe, ewSs the Hour. 


VII. Of the Four Dials ſupported by the Four Branches 
| Of the Second Piece. 


Heſe four Dials are drawn , upon four Glaſs Globes , of about 
five inches Diameter, and -ſhew the. uſual Hour for ſeveral 
ways. 

The Firk ſhews the Hour by moving the Stile ( which here is 

a Flower de Lace fixed on a moveable none? to and fro till it 

calt no ſhadow upon the Globe; ſo ſhall -the Equator reſt upon 

the Hour. | | 
The Second ſhews the Hour, by obſerving where the part of the 
Globe, enlightned by the Sun, meets with the part not enhightned, for 
that will be at the true Hour. | 
The Third ſhevvs the Hour, by the ſhadow of a Stile perpendicularly 

erected upon thg Superficics of the Globe. 
Bbbbhb The 
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The DIAL deſcribed. 


The Fourth ſhews the Hour by placing of your Body fo as to behold 
our Face in .the middle of a little Convex Looking-glafs . placed 
Þr that purpoſe in the South Pole of the Bowl or Globe; you ſhall 
at the -fame time (if the Sun ſhine ) behold the PiQture thereof at the 


. Hour, 


VIII. Of the Dials deſcribed on the great Globe, which 
ſtands on the Second Table. 


His Globe conſiſts of 24 Plains, 8 Recliners, 8 Vertical, and 8 
$ Inclining Plains: For the Dials upon them, ſix of the upright 
a 


ins are made hollow and covered with Glaſs, having Dials drawn 
upon them: The bottoms here alſo are covered with Glaſs thinly paint- 
ed over with White Colour, that the Dials may be ſeen as well with-' 
in as without the Globe; the two Hollows towards the North being 
left open as Windows to look into the Globe. On the bottom Glaſſes are 
drawn ſeveral PiQtures, as of the King, Queen, &c. In the King's Pi- 
Ature the Hour is ſhewed by the Hour Lines Paſſing over the top of 
the Scepter. In the Queen's, by the Shadow paſſing over the Center of 
a Flower jn her Hand; and the reſt over ſeveral Truncheons, &c. held 
in their Hands. | | | 

For the Dials deſcribed upon the Reclining and Inclining Plains ; the 


are of the like kind (by RefleQtion) as thoſe before deſcribed in the rd 
mer Globe. 


IX. Of the Four Glaſs Bowls, ſupported by the Four 
ſ Branches of the great Glove. 4 


drawn, which is thinly painted over with White Colour, to the 
end, the Sun Beams paſſing through a little Star, left clear on the top of 
the Bowl, and making the like Star of Light upon the Hour. Lines, may 
be ſeen to note the Hour. 'The Hours were ſuch as ſhew the Hour accor- 
ding to different Nations. 


Ts four Bowls are gilded over, except where the Hour Lines are 


R. Of the u oft Piece of 


the Pyramis. 


8 ai. Fourth and uppermoſt Piece, conſiſting of 12 Concave Semi- 


Cylinders, and ſtanding upon the Great Globe, held up by four. 
Supporters, like thoſe which held up the ſecond Piece. Upon each 
of thoſe WE _ is a Daal -nonerg ages } the uſual Hour by 
the light of the penetrating ugh the Hour Lines, and paſſin 
over 7 little Star, painted on the lower part of the Bowl. : , 


The 


The DIAL deſeribed. 
The Fifth Piece conſiſting of eight plain Equilateral T 


riangl les and 
ſnx equal Squares, and held u by four Supporters, have Dials de- 
ſcribed upon them , ſhewing the Hour by the ſhade of a Flower de 


ce, ' ET. 

The Sixth and laſt Piece is a great Glaſs Bowl ing 
Fifth, ſupported by a foot -of Tron, and encompaſſed wih 
Circles, / Which Bowl alſo ſhews the Hour by the ſhade 
Ball placed in the middle of the Glaſs. ce 


upon the 
two Iron 


Thus have I given a brief Account of this (now demoliſhed) Dial which 


Account and Figure thereof together, Al ſome light to the 
ingenious PraQticioner (with what is delivered in the foregoing Tra- 
Qares) to invent infinite Varieties in this kind. 


of a little Golden }. 


tor 


